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Abstract 
 
Climate change is a major environmental Public Health issue of the 21st century. 
Extreme heat and cold, weather events such as flooding or storms, disease vector 
distribution changes, and increased pathogen loads in water might all put human health 
at risk. To protect health from inevitable changes, climate change adaptation strategies 
are implemented at local, national, and global level. Are these measures effectively 
reducing health risks? This dissertation explores multiple methods to evaluate climate 
change adaptation to increase our understanding of the contextual requirements for 
measurement of effects. 
Health-related climate change adaptation is situated within theories of place and place-
based vulnerability. Targeting two core research questions on effectiveness of 
adaptation and on useful approaches to evaluation, this mixed methods work combines 
a systematic review, policy analysis, risk factor modeling, situational analysis, and 
theoretical framework development on cases from Europe and Japan. The systematic 
review on effectiveness of heat adaptation showed challenges concerning attributing 
health outcomes directly to specific adaptation measures via epidemiological methods. 
Without conclusive evidence for individual adaptation items, emphasis instead is placed 
on policy evaluation, on risk factor distribution changes, and on local or “on the ground” 
adaptation. The data suggest that reframing effectiveness towards inequality and 
vulnerability reduction is a promising strategy for evaluation while dealing with gaps in 
the causal chains between adaptation and health outcomes.  
Based on these findings, I argue that adaptation evaluation in Public Health could apply 
a portfolio of methods and theory-based solutions informed by structural prevention 
measures, qualitative methods such as context mapping, and transformation as a 
philosophy of change. Most importantly, a conceptual re-thinking of adaptation 
evaluation is suggested that positions social justice and place-based vulnerability 
concepts as imperatives for successful adaptation.  
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1 Introduction 
Climate change is a global issue currently at the forefront of public awareness. The 
potential health risks from climate change include increased storms and floods, extreme 
temperature events, changes in disease vector and pollen distribution, rising sea levels, 
and droughts (Smith et al. 2014). As climate-related morbidity and mortality is generally 
preventable, there is a need for the Public Health community to develop protective 
measures against these health risks. These protective measures are subsumed under the 
concept of climate change adaptation, strategies or projects to deal with inevitable 
climatic changes (European Evironment Agency (EEA) 2013).  
 
Climate change adaptation is a relatively novel endeavor within a Public Health 
dilemma: adaptation aims at protecting human health from future potential risks, 
before the specific paths and causal relationships between climate change, adaptation 
and health are completely understood. As a systemic, imperfectly understood challenge 
without simple solutions, climate change adaptation has been termed a “wicked 
problem” (Feliciano & Berkhout 2013). While still analyzing this new global problem, the 
research and policymaking communities are already called upon to present solutions. 
This has led to a difficult relationship between politics and science: the latter takes time 
to learn, to solve, to prove, and to consider alternatives. The former is asked to make 
decisions after a relatively short deliberation process, and these decisions on how to 
mitigate and adapt to climate change may or may not impact human health in the 
future. At the same time, climate change experts and health experts are expected to 
contribute to these decision-making processes. In politics, delaying decisions when 
faced with complex problems is an option. In these situations, scientists may be 
expected to call for actions themselves. An ethical weighting process begins: current 
state of the art knowledge asserts that without timely implementation of mitigation and 
adaptation, humans in the near future will be confronted with climate change of 
previously unknown proportion (Schellnhuber et al. 2013), the risks of which cannot be 
satisfactorily estimated. At the same time, no conclusive evidence for the effectiveness 
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of health-related climate change adaptation exists (Bouzid et al. 2013), nor have 
comprehensive assessments of possible harms and benefits of adaptation strategies 
been conducted. In the interest of precaution, the limited evidence available already 
suggests that further examination of climate change, adaptation, and health issues is 
necessary. Finding solutions to the questions of whether adaptation can be effective and 
how to measure this effectiveness will likely become a central issue in environmental 
Public Health. This dissertation is situated within this topic.       
 
Precisely because the associations of adaptation effects and health outcomes are not 
yet entirely understood, the task of this dissertation is to contribute to an explicit 
conceptualization of the evaluation problem in Public Health and climate adaptation. 
The theoretical debate on adaptation has focused mostly on disaster risks, development 
policy, and livelihoods (Krausing et al. 2013; Lamhauge et al. 2013; Hochrainer-Stigler et 
al. 2014; Solecki et al. 2011), yet a similar level of theorizing and scrutiny has been 
applied less often to the health and adaptation nexus until now. Thus, this dissertation 
contributes to the debate by investigating and conceptualizing possible approaches to 
the evaluation of climate change adaptation.  
 
1.1 Scope and nature of my research 
This research project focuses on climate change adaptation as planned policy initiatives, 
not on biological acclimatization. Owing to their high relevance in higher income 
countries (Smith et al. 2014; McMichael et al. 2012; Frumkin, McMichael, et al. 2008; 
Patz et al. 2014), heat and infectious diseases were specifically targeted in three studies 
within this project. Europe and Japan were chosen as field sites for their capacity to 
implement adaptation projects and their vulnerability to extreme temperature events 
(see the methods section for further details on study region selection). This work 
approaches adaptation from a Public Health perspective, but also draws from 
interdisciplinary influences such as human geography or anthropology. The research 
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was conducted over the course of three years, with a 2 month research visit to Japan, 
and is characterized by a constructivist position to data analysis.  
 
1.2 Research questions and contribution 
This work critically explores evaluation options for adaptation to health impacts of 
climate change through a multimethod approach. The research is driven by two core 
research questions: 
 
a) How effective is climate change adaptation in protecting human health from 
negative consequences of climatic changes, with a specific focus on heat? 
b) How could interdisciplinary science approach adaptation evaluation in Public 
Health? 
 
These core questions can be broken down into three more detailed sub-questions, each 
studied within different approaches in this dissertation: 
1. Is climate change adaptation effectively protecting human health? 
? targeted in the systematic review, the policy analysis, the vector study  
2. How could we measure adaptation effectiveness? 
? targeted in the expert interviews, through risk factor change assessment in 
the vector study, through policy assessment with a social justice approach  
3. And: what could an alternative framework, a reframing of effectiveness in 
adaptation and health research look like? 
? targeted in the policy analysis and in the theoretical framework article 
 
Overall, with this study I contribute to a re-thinking of the concepts of effectiveness and 
evaluation in climate change adaptation. Previous research has shown that the standard 
theories of how to define effectiveness do not always apply to climate change 
adaptation (Toloo et al. 2013; Bassil & Cole 2010; Boeckmann & Rohn 2014), as 
discussed in more detail in chapters three through five, and in the articles within this 
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thesis. As part of this work, I have developed a theoretical framework that targets the 
broader social, cultural and environmental determinants of health for evaluation. Such a 
novel proposition of what effectiveness could entail, namely effects on inequity 
reduction, could contribute to a better awareness of the importance of context and 
connectedness within climate adaptation and the health nexus. The framework might 
additionally alleviate the challenges of attributing adaptation to health outcomes 
directly. Of major interest is the opportunity to promote social and climate justice 
through adaptation, by strengthening their roles as evaluation criteria, as demonstrated 
in this thesis’ policy analysis as well as in the evaluation framework.   
 
1.3 Principal findings 
This study engages with the question of the effectiveness of climate change adaptation 
and comes to the conclusion that standard epidemiological methods are not yet fully 
equipped to give the answers needed. Two overarching solution paths are possible: 
refining evaluation methods, and expanding the conceptual scope of adaptation. 
Methodologically, my results propose that evaluation could learn from structural 
prevention interventions. Applying context mapping methods could be a promising 
approach to better understanding adaptation and the complex associations between 
climate and health. Additionally, evaluation designs targeting determinants of health 
might be an alternative until research is better equipped to measure direct health 
outcomes of adaptation. 
 
To expand the scope of adaptation, I suggest reconsidering the current sector-specific 
and incremental approach to climate change adaptation. To fully realize policies’ 
potential for health protection, transformational adaptation (O’Brien 2011) should be 
considered. Transformation entails the opportunity to strengthen health systems and 
Public Health overall as it aims for broader societal change, such as re-evaluating 
paradigms of economic growth (O’Brien 2011), or strengthening diversity. Similar to the 
goal of “health in all policies,” a climate change conscious approach to all relevant 
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health policymaking and vice versa, always examining the possibility of harm or benefits 
to Public Health, might contribute to a healthier future under climate change. Such an 
approach might be differentiated according to the level at which health policies are 
made, ranging from local and regional levels to national or global processes. Finally, I 
propose an expanded conceptualization of effectiveness that entails social justice 
considerations within climate change adaptation and health research.  
 
1.4 Dissertation outline 
Chapter 2: Understanding climate change, health and adaptation 
This chapter focuses on the known associations between climate change and health, 
and on the aims of adaptation in mediating these effects. This chapter introduces the 
concepts of climate change, mitigation and adaptation. An overview of the specific 
health risks from heat is followed by insights into why evaluation is a problem when 
discussing climate change adaptation. Chapter 2 delivers the background information 
necessary to frame the complexities of adaptation evaluation targeted in the 
subsequent chapters.  
 
Chapter 3: The place and vulnerability: theoretical foundations 
Climate change is a global phenomenon with local effects. The local place as site of 
action and reaction matters in climate change adaptation, creating or reducing 
vulnerabilities to adverse health effects through its properties. Following an 
introduction to a theory of place in Public Health, this chapter describes the theoretical 
foundations of place-based vulnerability. Place-based vulnerability helps in 
understanding the role of social, cultural, and environmental determinants of health 
that characterize the theoretical framework for adaptation evaluation.  
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Chapter 4: Knee-deep in data? Reflections on data collection and analysis methods 
The methods chapter delves deeper into the specific mixed methods employed 
throughout this study: discourse and policy analysis, situational analysis, geographical 
modeling, and systematic review methods. Constructivist researcher positionality, 
triangulation, and research ethics are discussed. 
 
Chapter 5: Approaches to adaptation evaluation 
Adaptation evaluation is targeted through five different lenses: as a systematic review of 
the state of effectiveness knowledge, as evaluating risk factor changes with the example 
of vector niche modeling, as evaluating policy, evaluation on the ground in the Japanese 
case study, and as reframing effectiveness through a theoretical framework 
development. Results of each of these studies are briefly summarized in this chapter.  
 
Chapter 6: The problem of evaluation: a search for solutions 
If adaptation evaluation is a problem, which solutions can be applied? Two main 
solution paths result from this research project: one methods-based and one theory-
based. Current epidemiological methods to assess adaptation effectiveness could be 
strengthened through the testing of alternative hypotheses, as has been done in our 
add-on study described in the Outlook section. Using qualitative methods to map the 
context of adaptation is an important option as well. Drawing from Public Health 
knowledge, structural prevention seems to be a promising method to increase the 
validity of adaptation evaluation. Theory-based solutions could lie within “trans-
formational” adaptation and a “health in all adaptation policies” approach. Finally, the 
theoretical framework describes how to assess climate justice as a proxy for direct 
health effects of adaptation, a solution in line with the social justice imperative of Public 
Health as a discipline. Methodological contributions of this work are a) assessing policy 
with a social justice framework and discourse analysis, b) an exploratory case study 
including interviews, documents and observation, and c) using open source software 
and data for risk factor changes evaluation. Theoretical contributions include a new, 
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theory-based adaptation evaluation framework, a strengthened link between climate 
justice and Public Health, and a reduction of inequities as an additional definition of 
effectiveness in the context of health and climate change adaptation. 
 
Chapter 7: Conclusions 
There is currently only inconclusive evidence for the effectiveness of specific adaptation 
measures. To answer the research question of how to evaluate adaptation, this 
dissertation proposes a multimethod approach with strong qualitative components, and 
the inclusion of justice considerations into evaluation. Applying climate justice and 
place-based vulnerability to health-related adaptation evaluation suggests a new way of 
conceptualizing evaluation. Future research might be conducted on alternative methods 
of adaptation assessment in Public Health, and on a better understanding of the role of 
contextual factors in health-focused climate change adaptation. Assessing the social, 
cultural, and environmental determinants of health from a social and climate justice 
perspective might be particularly beneficial in these research projects.  
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2 Understanding climate change, health, and adaptation 
 
2.1 What is climate change? 
The United Nations Framework Convention on Climate Change (UNFCCC) defines 
climate change as  
a change of climate which is attributed directly or indirectly to human activity that 
alters the composition of the global atmosphere and which is in addition to natural 
climate variability observed over comparable time periods (United Nations 
Framework Convention on Climate Change 1992).  
Their definition puts a human contribution to global environmental changes in a central 
role. This dissertation uses the definition of anthropogenic climate change as proposed 
by UNFCCC, as the role of humans in these changes matters to perceptions of risks and 
responsibilities for adaptation (Hulme et al. 2009; Boykoff et al. 2010). Observed and 
projected climatic changes provide justification for research into the effects of climate 
change. The climate change research community agrees that global average 
temperatures will rise, resulting in increased frequencies and/or intensities of extreme 
weather events such as heat waves and droughts, wildfires, floods, and cyclones (IPCC 
2012a; IPCC 2014b). Additional effects on natural systems caused by climatic change 
include shifted precipitation patterns, sea level rise, ocean acidification, shifts of species 
distributions, and changes in crop yields (IPCC 2014b).  
 
Short-term and long-term projections of changes are regarded as state of the art. For 
IPCC assessment reports (AR) prior to AR5, standard scenarios (Box 1) project future 
climate developments based on assumptions about economic developments, 
technological change, greenhouse gas emission developments, and population growth 
(Arnell et al. 2004; van Drunen et al. 2011; Moss et al. 2010). These scenarios were used 
in Boeckmann & Joyner (2014). Since 2013, these scenarios have been updated to 
include “shared socio-economic pathways” (SSPs), and are now replaced by the 
“Representative Concentration Pathways” (RCPs) (KC & Lutz 2014; van Vuuren et al. 
2012; O’Neill et al. 2013; Ebi et al. 2013; van Vuuren & Carter 2013). National databases 
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have been established (Harrison et al. 2015). For a detailed overview over the new 
scenarios, refer to Van Vuuren et al. (2011) and IPCC (2013). 
 
Box 1: SRES scenarios 
? A1 storyline: Characterized by very rapid economic growth. Population projected 
to peak in mid-century, followed by decline. Emergence of new efficient 
technologies projected.  
? A2 storyline: Regionally fragmented, slow economic growth in a very 
heterogeneous world with continuous population growth.  
? B1 storyline: Fast economic changes towards information technology and service 
economy, fewer industrial emissions through resource-efficient technologies. 
Same population developments as in A1 storyline.  
? B2 storyline: Characterized by local efforts towards sustainability, intermediate 
economic development and continuous population growth at a lower rate than 
in the A2 storyline. 
Adapted from Nakicenovic et al. (2000:177-182).  
 
2.2 Climate change impacts on health 
Global environmental changes will likely fundamentally alter climatic experiences on the 
planet (IPCC 2014a). Within this planetary system, human beings are locally affected by 
the impacts of global changes. Shifts in weather patterns can lead directly and indirectly 
to human health impacts worldwide (World Health Organization 2012; Confalonieri et 
al. 2007). To illustrate how climate affects health, three pathways are commonly 
described: 
? Direct impacts caused by increased frequency of extreme weather events 
including temperature events; 
? Effects mediated by natural systems, such as vector distribution or pollen 
distribution; 
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? Effects mediated by social systems, such as increased air pollution (Smith et al. 
2014:716).  
Possible health outcomes influenced by climate change are presented in Table 1. 
Established risk factors for climate-sensitive health outcomes vary by condition and 
specific climate impact; however, age, socio-economic status, living conditions, and 
availability of social support have been identified as risk factors for heat and extreme 
weather events (Loughnan et al. 2010; Schwartz 2005; Cutter et al. 2014). Regarding 
heat, for instance, high population density, lack of green spaces in densely built 
environments, and cramped living conditions have been cited as risks (Klein Rosenthal et 
al. 2007; Uejio et al. 2011; Klein Rosenthal et al. 2014; Campbell-Lendrum & Corvalan 
2007). Flooding or severe storms, conversely, might lead to greater damages in 
unplanned settlements or in households without diversified livelihoods (Nchito 2007; 
Sanderson 2000; Nelson et al. 2010).  
 
 Table 1: Climate change and health effects
Climate change impacts Health effects Exemplarily cited in  
Increased frequency or 
intensity of extreme 
temperature events 
Increased mortality from cardiovascular 
and respiratory diseases, risk of heat 
stroke, increased risk of flu in cold periods 
(Smith et al. 2014; Confalonieri et al. 2007; McMichael et al. 2004; World Health 
Organization 2014b; Nitschke et al. 2007; Hartz et al. 2012; Kjellstrom et al. 2010; 
Woodward 2014; Barnett et al. 2012; Hajat et al. 2014; McMichael et al. 2008; Armstrong 
et al. 2011; Bassil et al. 2011) 
Increased  frequency or 
intensity of extreme 
weather events: floods, 
storms, typhoons, 
droughts 
Deaths, injuries, increased risk of trauma, 
destroyed infrastructure  
(Smith et al. 2014; Confalonieri et al. 2007; McMichael et al. 2004; McMichael, Campbell-
Lendrum, et al. 2003; Jakubicka et al. 2010; Lowe et al. 2013; Mechler et al. 2014; 
Sauerborn & Ebi 2012; Crabtree 2012; Ahern et al. 2005; Guha-Sapir et al. 2012; 
Christenson et al. 2014; Morss et al. 2011; Knutson et al. 2010) 
Increased UV ray exposure Increased incidence of skin cancers and 
eye cataracts 
(Smith et al. 2014; McMichael et al. 2004; Confalonieri et al. 2007; McMichael, Lucas, et al. 
2003; Thomas et al. 2012) 
Indirect health effects, mediated by eco- and human systems 
Changes in vector 
distribution patterns 
Increased incidence of malaria, dengue 
fever, tick-borne diseases in regions 
previously unaffected, increased 
prevalence in endemic regions 
(Semenza & Menne 2009; Semenza, Suk, et al. 2012; Semenza, Herbst, et al. 2012; 
European Center for Disease Prevention and Control 2015; Morin et al. 2013; Carbajo et al. 
2012; Patz et al. 1996; Dhiman et al. 2010; Bai et al. 2013; Zhang et al. 2008; Patz et al. 
2014; Frumkin, McMichael, et al. 2008) 
Increased pathogen loads 
in water or food through 
changes to transmission, 
growth, persistence or 
virulence 
Increased risks of water- and food-borne 
diseases such as enteric viruses, zoonotic 
bacterial pathogens  
(Smith et al. 2014; Confalonieri et al. 2007; McMichael et al. 2004; Semenza, Suk, et al. 
2012; Kjellstrom & McMichael 2013) 
Changes in pollen season 
and distribution 
Increased prevalence of asthma and 
allergic rhinitis 
(Smith et al. 2014; Confalonieri et al. 2007; McMichael et al. 2004; Beggs 2010; Reid & 
Gamble 2009; Kinney 2008) 
Increased air pollution Increased respiratory disease risks 
through long-term exposure to particles 
or acute air pollution episodes 
(Smith et al. 2014; Confalonieri et al. 2007; McMichael et al. 2004; Kinney 2008; Harlan & 
Ruddell 2011; Beggs 2010) 
Changes to crop yields In food insecure areas, increased risk of 
undernutrition through higher food 
prices, population displacement 
(Smith et al. 2014; Confalonieri et al. 2007; Schmidhuber & Tubiello 2007; Friel 2010) 
Soil degradation and 
freshwater scarcity 
Increased risk of violent conflicts over 
clean water sources 
(Wutich & Ragsdale 2008; Salehyan & Hendrix 2014; German Federal Ministry for the 
Environment Nature Conservation and Nuclear Safety 2002) 
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Gender has not yet been conclusively connected to risk mediation for specific health 
effects of any climate impact in higher income countries (Alston 2010; Dupont 2012; 
Arora-Jonsson 2011), although it does play a role in mediating vulnerability, not only in 
food and water insecure regions (World Health Organization 2011; Stott 2010; Terry 
2009; Watt & Chamberlain 2011; Kakota et al. 2011; Chavez Rodriguez 2013).  
 
Despite a steadily increasing interest in the health effects of climate change (Hosking & 
Campbell-Lendrum 2012), the pathways through which climate affects health beyond 
the direct/indirect dichotomy are still not entirely understood. This is particularly the 
case for non-communicable diseases. While impacts of climate change on mental health 
outcomes have been suggested (Page et al. 2007; Dixon et al. 2007; Berry et al. 2010; 
Berry 2009; World Health Organization Centre for Health Development 2009; Hansen et 
al. 2008; Crabtree 2012), these are especially difficult to attribute to thermal stress and 
extreme events (Smith et al. 2014; Gosling et al. 2009). This connects with this 
dissertation’s research focus, as it implies a “problem” of evaluating the mediating 
effects between climate change and health outcomes.  
 
Within environmental health, climate change fills a unique position. The dose-response 
relationship concept used e.g. in toxicological research can potentially be applied to 
heat (Dessai 2002; Jackson et al. 2010; Schwartz & Zanobetti 2000), but not easily to 
additional climate impacts (McMichael 2013). Epidemiological relevance of the effects 
of temperature extremes on health outcomes has been established through various 
studies, the majority conducted in higher income nations (Armstrong et al. 2014; 
Borbora & Das 2014; Ono 2012; McGeehin & Mirabelli 2001; Hartz et al. 2013; 
McMichael et al. 2008; World Health Organization 2006; D’Ippoliti et al. 2010; Leone et 
al. 2013; Woodward 2014; Anderson & Bell 2009; Gabriel & Endlicher 2011). As 
temperature-related health effects are expected to continue to play an important role in 
the health profiles of both higher and lower income countries in the future (Ballester et 
al. 2011), the following section discusses the physiological effects of heat on the body, 
13 
risk factors for heat-related medical conditions, and the epidemiology of heat-related 
morbidity and mortality. 
 
2.2.1 Heat as a hazard: medical risks of heat  
Burton  called heat the “pervasive hazard” (Burton, 1978:31). Adverse heat effects can 
occur from hours to days after an extreme period of heat: these lag effects contribute to 
the “pervasiveness” of heat. Extreme heat is characterized by a deviation from the 
average. The classification of hot weather as an extreme temperature event depends 
both on the duration and on the intensity of the event (Kovats & Hajat 2008). How many 
hot and humid days occur in a row, and how hot and humid are they? For both the 
length of a heat event and its intensity, a location-specific threshold needs to be 
exceeded for it to be classified as a heat wave (Kovats & Hajat 2008; Gosling et al. 2009). 
No fixed worldwide threshold exists (United States Environmental Protection Agency 
2006), as the average conditions for the specific time of year vary spatially and 
temporally. The criteria for extreme heat have to be specified by each location (United 
States Environmental Protection Agency 2006). Consequently, the standard definition of 
a heat event is “a prolonged period of unusually hot weather” (D’Ippoliti et al. 2010), 
and different definitions have been used in impact assessments. While the largest 
increases in temperature extremes are projected for cities in temperate regions (Patz et 
al. 2005), subtropical and tropical regions are also vulnerable (IPCC 2014a).  
 
Quantitative evaluation of the impacts of heat on human health is usually done with 
time-series or case-crossover designs (Huang et al. 2011). Studies need to ideally control 
for trends, seasonal cycles in mortality, humidity, and air pollution. Data on the burden 
of heat-related illness and mortality are not routinely collected: individual health 
agencies may monitor ambulance dispatches, heat-related hospitalizations, or excess 
deaths during heat events (United States Environmental Protection Agency 2006). Exact 
numbers of excess mortality and heat-related morbidity are therefore highly location-
specific and not regularly published as global or even national averages. Instead, 
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projections of attributable mortality are used to illustrate the necessity for adaptation. 
The 2014 World Health Organization (WHO) report on the quantification of climate 
change-related causes of death estimates an average of 92 207 heat-related excess 
deaths worldwide annually by 2030 under a no adaptation scenario (World Health 
Organization 2014b:23).  
 
Increased mortality risks have been observed for both extremely high and low 
temperatures (Chung et al. 2009; Nitschke et al. 2007; Tobias et al. 2014; Bobb et al. 
2014; Guo et al. 2014). Previous studies have discussed the existence of intra-city 
climates and climatic differences between cities that also lead to location-specific heat 
thresholds (Goggins et al. 2012; Tobias et al. 2012). A heat threshold indicates an upper 
limit before effects on health occur. Comparability between studies on thresholds is 
compromised as the term “temperature” is used inconsistently and ranges from 
maximum air temperature to median of air temperature plus humidity, or from 
apparent temperature to heat indices.  
 
2.2.2 Physiological effects of heat 
The human body relies on a consistent internal temperature of 37°C to ensure 
functionality and protect vital organs (Yeo 2004; United States Environmental Protection 
Agency 2006). Both excessive hot and cold temperatures over a prolonged time period 
are potentially lethal, leading to hyperthermia and hypothermia, respectively (Yeo 
2004). Heat-related medical conditions progress from heat cramps and heat exhaustion 
to heat stroke and possibly multi-organ failure and even death (United States 
Environmental Protection Agency 2006; Yeo 2004; Alberini et al. 2011; Bi et al. 2011; 
Bouchama & Knochel 2002; Bouchama et al. 2007). Heat stroke is associated with death 
in 10%-70% of all cases, a wide range mediated by age of the patient and duration until 
treatment (Yeo 2004). Additionally, heat exacerbates circulatory diseases through the 
thickening of blood as a result of dehydration and subsequent extra strain on the heart: 
the heart must work harder to increase circulation to cool down the body (United States 
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Environmental Protection Agency 2006; Donaldson et al. 2003; Keatinge et al. 1986). 
Extreme heat has been linked to indirect effects as well: increased incidences of suicide, 
injuries, violence, and crime have been reported (Bi et al. 2011; Dixon et al. 2007; Lee et 
al. 2006; Page et al. 2007; Preti et al. 2007). However, interpretation of the associations 
between mental health outcomes and heat needs to be approached cautiously, as 
conclusive evidence is not yet available and might be difficult to establish (Berry et al. 
2010).  
 
2.2.3 Risk factors for heat-related illness and mortality 
Several risk factors for heat-related medical conditions have been identified. Experts 
differentiate between exertional and non-exertional heat stroke, where the first is a 
result of strenuous physical activity in a hot environment (Yeo 2004). Athletes and 
workers in factories or outside are most likely to experience exertional heat stress 
(Adam-Poupart et al. 2013; Sheffield et al. 2013; Yeo 2004; Jackson & Rosenberg 2010). 
Regarding classic heat-related illness, both very young children and persons 65 years or 
older are more likely to experience ill effects of heat (Yeo 2004; Bouchama & Knochel 
2002; United States Environmental Protection Agency 2006; Kovats & Hajat 2008). In 
children, the ability to thermoregulate is not completely developed (Kovats & Hajat 
2008). Among older persons, impaired thermoregulatory systems in the brain increase 
risks (Kovats & Hajat 2008). In addition to age, other physiological risk factors include 
preexisting health conditions, obesity, dehydration, and alcohol abuse (Kovats & Hajat 
2008). Risk of death from heat stroke is associated with an inability to leave the bed or 
the house, and inability to care for oneself (Bouchama et al. 2007). Preexisting 
conditions increase the chances of dying from heat stroke, in particular severe 
psychiatric illnesses, and cardiovascular and respiratory diseases (Bouchama et al. 
2007). The link between mental health and risk factors likely depends on the ability to 
take precautions during a heat event, and on the characteristics of psychotropic 
medications that may interfere with thermoregulation (Bouchama et al. 2007; Hajat et 
al. 2010). Diuretics, antianginal drugs, or beta blockers may also aggravate risks in 
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patients with preexisting illnesses (Hajat et al. 2010).   
 
The physiological risk factors for heat-related morbidity and mortality are exacerbated 
by social and environmental determinants (Banwell et al. 2012; Kovats & Hajat 2008; 
Bouchama et al. 2007; Yeo 2004). Particularly the built environment, access to cool 
places, exposure to sun, and protective behaviors mediate the effects of heat (Hajat et 
al. 2010; Kovats & Hajat 2008; Yeo 2004; Laaidi et al. 2012; Harlan et al. 2006). Previous 
research suggests drinking more fluids, taking additional showers to cool off, reducing 
physical activity, and spending time in an air-conditioned or cool environment as 
behavioral interventions (Hajat et al. 2010). However, these recommendations have also 
been associated with adverse effects (Bouchama et al. 2007). The use of electric fans to 
cool air is particularly debated, as re-circulating warm air within a closed room may even 
increase the risk of heat stress (Hajat et al. 2010; Gupta et al. 2012; Bouchama et al. 
2007). Disagreement also exists on whether social capital and social networks increase 
or decrease risks for elderly persons: studies have shown that older persons do not 
always perceive themselves to be vulnerable to health risks in extreme heat (Wolf et al. 
2010; Abrahamson et al. 2009). Strong social networks may strengthen this belief and 
subsequently prevent people from seeking help or adapting their behavior during a heat 
spell (Wolf et al. 2010). On the other hand, Bouchama at el. (2007) observed an 
association between increased social contact and better health outcomes during heat 
waves.  
 
2.2.4 Anatomy of a place-based risk: the built environment and heat 
What transforms urban surroundings into risky locales for heat-related medical 
conditions? First, lower socio-economic status is associated with lower quality housing. 
Living in inadequately ventilated, densely populated areas in urban centers with lack of 
air conditioning are all factors that increase chances of heat exposure (Yeo 2004). In 
addition to substandard housing conditions, city areas with vulnerable electricity 
provision, fragile transportation infrastructure, and overwhelmed healthcare facilities 
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extend social disadvantages to heat and health outcomes (Klein Rosenthal 2010). 
Second, higher air and surface temperatures in cities as opposed to rural or suburban 
areas result from an “interaction between urbanized land use and the atmosphere” 
(Klein Rosenthal, 2010:22). Heat can be trapped between buildings, as artificial surfaces 
on buildings and streets absorb sunlight and store and reflect heat (Klein Rosenthal 
2010). This “urban heat island effect” (UHI) is a major risk factor for adverse effects on 
health during heat events (Harlan et al. 2006; Glutting 2011; Tan et al. 2010; Oliveira et 
al. 2011; Takebayashi et al. 2014; Klein Rosenthal et al. 2014; Gabriel & Endlicher 2011).  
 
Additionally, living in areas with high criminal profiles or few communal spaces might 
make it difficult for older people and people with disabilities to leave the house. As a 
result, access to cool public spaces such as air-conditioned shopping malls, public pools, 
or community centers might be compromised (Wolf et al. 2010). Eric Klinenberg 
famously illustrated how social and cultural environments shape susceptibility to heat  
in the 1995 Chicago heatwave, during which people of color and poorer city dwellers 
were disproportionately affected (Browning, Wallace, Feinberg, & Cagney, 2006; 
Klinenberg, 1999, 2006; see also Morello-Frosch et al., 2011 for intra-city racial and 
social disparaties in environmental health). Similar intra-city differences in heat-related 
morbidity and mortality outcomes have been described for  other large cities in the 
United States (Klein Rosenthal et al. 2014; Klein Rosenthal 2010; Klein Rosenthal et al. 
2007; Tomlinson et al. 2011), Europe (Glutting 2011; Oliveira et al. 2011; van der Woerd 
et al. 2012), and Asia (Tan et al. 2010; Chang et al. 2007; Takebayashi et al. 2014; 
Borbora & Das 2014; Azhar et al. 2014). Inequities thus mediate risks from heat (Friel et 
al. 2011).        
 
2.2.4.1 Urbanization as a risk factor 
Owing to their unique risk profile, cities are of special interest to this dissertation 
research. This is fueled by the global urbanization development: In 2010, 29% of the 
urban population lived in cities with more than 1 million inhabitants, 10% of the urban 
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population lived in megacities of more than 10 million inhabitants (United Nations 
Department of Economic and Social Affairs Population Division 2014). While there are 
fewer such megacities in Europe and North America, the overall urbanization trend is 
observable on all continents (United Nations Department of Economic and Social Affairs. 
Population Division 2014; UN-HABITAT 2013). For instance, land cover changes from 
green spaces such as parks to asphalt or otherwise built areas has increased, among 
others, in Europe and the United States (McCarthy et al. 2010; Stone et al. 2010; Kalnay 
& Cai 2003; Vargo et al. 2013). Overall, the prevalence of UHI has increased in the past 
decades, increasing the risk of extreme heat in urban centers (Lim et al. 2005). Choice of 
study regions in this dissertation was driven by these considerations.  
 
2.3 Dealing with climate change: adaptation  
What is adaptation? The term refers to adjustments made in relation to environmental 
variability (Janssen & Ostrom 2006) and can denote both planned adaptation and 
biological acclimatization. “Adaptation” as a concept consequently appeared in 
anthropological research as early as the 1900s, yet these roots are rarely acknowledged 
in current climate change research (Janssen & Ostrom 2006). Human adaptation in the 
climate change context has been defined by the IPCC as  
the process of adjustment to actual or expected climate and its effects, in order 
to moderate harm or exploit beneficial opportunities. (IPCC 2012b:3).  
This basic definition is also the working definition in this dissertation, yet here only 
planned adaptation is of interest. Autonomous adaptation as unconscious choice is 
hardly influenced by interventions (van de Sand 2012). This work is further informed by 
the added dimensions of incremental and transformational adaptation (Kates et al. 
2012). Incremental adaptation refers to smaller scale changes that are slight deviations 
from current practice (Kates et al. 2012). Transformation, on the other hand, implies 
substantive changes to the status quo, for instance through invention of completely new 
solutions or through systemic changes (O’Brien 2011). Kates et al. (2012) differentiate 
between three types of transformational adaptation: adaptation of larger scale and 
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intensity than before, adaptation never before implemented in a region or system, and 
adaptation processes changing locations. Karen O’Brien stresses the opportunity for 
“psycho-social” change processes in human systems inherent to transformational 
adaptation, driven by the ultimate goal to achieve a “better life” (O’Brien 2011:670).  
Examples of transformational approaches include campaigns to strengthen gender 
equity, or increased North-South exchanges on green technology, as have been 
described in national adaptation policies in Boeckmann & Zeeb (2014). Until now, such 
strategies exist mostly on paper, and active implementation is less common.  
Adaptation differs from mitigation by focusing on dealing with inevitable changes in the 
global environment, whereas mitigation aims at minimizing the likelihood of climatic 
changes through “human intervention to reduce the sources or enhance the sinks of 
greenhouse gases” (Edenhofer et al. 2014:37).  
 
2.3.1 Research into adaptation and health 
The umbrella term adaptation contains a number of measures that vary between 
disciplines and goals: from economics to development aid, from urban planning to the 
health sector. Any aspect of human society could be targeted by adaptation, yet so far 
few large scale research projects specifically assessing health in the context of 
adaptation have been conducted. The joint World Health Organization/ World 
Meteorological Organization office for climate change and health, for example, was 
conceived of as recently as 2014. The European Commission (EC)-funded CIRCLE-2 ERA1 
project, recently concluded in April 2014, was a “Climate Impact Research & Response 
Coordination for a Larger Europe,” promoting research funding and cooperation for 
climate change impact and adaptation research. The project was mainly interested in 
collecting examples from adaptation practice in participating countries and was not 
specifically aimed at health research. Its database does allow searches for health-related 
adaptation research or practice: the free-text search for “health” reveals 131 project 
entries as of October 2014. A second 7th framework funded European project, 
                                                                
1 www.circle-era.eu 
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RESPONSES2, focuses on European climate change policy, including both mitigation and 
adaptation. Only one explicitly health-related publication can be linked to the large 
recent project output (Bouzid et al. 2013). Research on health impacts is more 
abundant: Targeting human health and heat more specifically, the ISOTHURM project 
examined heat- and cold-related mortality in urban populations in non-OECD countries 
(McMichael et al. 2008). Their findings suggested a universal vulnerability to heat in all 
cities, with a higher impact of extreme events in warmer climates (McMichael et al. 
2008). Similar findings on impacts were published from the EUROHeat and PHEWE 
projects for European countries (D’Ippoliti et al. 2010; World Health Organization 2006; 
Baccini et al. 2011). 
 
Beyond these lighthouse consortia, a large number of studies on the effects of heat on 
health exist (see section on climate change and health above), yet few studies have 
looked at the effects of adaptation to heat on health (see, for instance, Bobb et al. 2014 
on air conditioning and long-term mortality). Research into anthropogenic climate 
change adaptation started in the 1990s, and was first synthesized in the 2nd IPCC 
assessment report from 1995. It follows that the concept of adaptation was neither 
originally developed for the Public Health context, nor can health researchers draw on a 
long tradition of adaptation research. Where early studies focused on developing a 
theoretical conceptualization of adaptation (e.g., Smit et al. 2000), in recent years 
empirical papers have largely superseded theoretical articles (Berrang-Ford et al. 2011; 
Biesbroek et al. 2010; Lowe et al. 2011; Wolf et al. 2014; Martinez et al. 2011; Heimann 
& Christmann 2013). To a lesser extent theory-based papers are still being published 
(Christmann et al. 2012; Wise et al. 2014). One question is whether this replacing of 
theory with policy assessment studies cuts short a theorizing of adaptation specifically 
for health and its evaluation. The roles of contexts and systems in adaptation design for 
health protection, for example, need to be further examined.   
Regarding non-health specific adaptation research, however, an active international 
                                                                
2 http://www.responsesproject.eu 
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research community can draw from European funding, and new knowledge is expected 
for the near future. To highlight only a few efforts, three European Commission funded 
projects, "Bottom-Up Climate Adaptation Strategies for a Sustainable Europe" BASE3, 
RAMSES4 on urban climate impacts, and “Tool-supported policy development for 
regional adaptation” (ToPDAd)5 support the 2015 European Climate Change Adaptation 
Conference (ECCA). As of this writing, neither of these projects showed an explicit 
commitment to human health related research, however.  
 
2.3.1.1 Adaptation typologies 
Various types of adaptation measures have been described. Biagini et al. (2014) listed 
ten categories of adaptation actions (Figure 1). This typology was derived from 
adaptation measures undertaken in actual funded projects. It thus gives a sufficient 
overview of what is being done, yet other types of adaptation are possible as well. The 
fragmentation, however, makes it difficult to pinpoint the underlying principles of these 
types. Alternatively, in the critical policy analysis article we simplified the typology to 
four main strands describing the main categories of current adaptation practice: 
technological, behavioral, surveillance, and infrastructural. Additionally, Biagini et al.’s 
typology (2014) draws artificial lines: most of the described options are usually backed 
by policy, both infrastructure and warning systems influence behavior, and none are 
possible without financing. 
 
 
 
 
 
 
 
                                                                
3 http://base-adaptation.eu 
4 http://www.ramses-cities.eu 
5 http://www.topdad.eu 
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Figure 1: Biagini et al.’s (2014) ten adaptation types 
 
 
 
Adapted from Biagini et al. (2014). 
 
Conceptual frameworks for adaptation are numerous, and it has been suggested that 
individual adaptation projects should combine relevant inputs from several frameworks 
for a better situation-specific fit (Füssel & Klein 2004; Füssel 2008; Smit et al. 2000; 
Hinkel et al. 2013). Health-specific typologies typically resemble the above mentioned 
categories, as exemplified by Füssel & Klein (2004) (Figure 2). 
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Figure 2: Examples of health-specific adaptation types 
 
 
Adapted from Füssel & Klein (2004), Balbus et al. (1998), McMichael & Githeko (2001). 
 
2.3.1.2 Adaptation measures and strategies 
Specific adaptation measures are even more numerous than the overarching types. Any 
approach to prepare systems for pressures caused by climate change could be defined 
as climate adaptation measures. For the health sector, the U.S. Environmental 
Protection Agency (EPA) and the U.S. National Research Council suggest implementation 
of warning systems, emergency response plans, and urban greening as such measures 
(America’s Climate Choices: Panel on Adapting to the Impacts of Climate Change et al. 
2010). Additional options include disease vector monitoring (Thomas et al. 2014; 
Semenza, Suk, et al. 2012), increasing awareness among health professionals (Sawford 
et al. 2014; Walker et al. 2011), or investing in flood protection (Haque et al. 2012; 
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Garrelts & Lange 2011; World Health Organization Regional Office for Europe 2002; 
Keim 2008). Those measures are not necessarily led by the health sector: within climate 
adaptation, intersectoral approaches are necessitated by the truly trans-sectoral 
impacts of climate change (Ebi & Burton 2008). A standard adaptation portfolio most 
likely contains a warning system, a monitoring or surveillance approach, physical 
infrastructure fortification, and awareness raising campaigns (Boeckmann & Zeeb 2014; 
Biesbroek et al. 2010). All measures depend on the climate change impacts they are 
supposed to target, and on the perceived importance of each climate-related health 
risk. Public Health adaptation thus occurs where the risks of climatic impacts on human 
health are recognized and targeted: climate change adaptation could be framed as a 
complex Public Health intervention (Ebi 2009; Frumkin, Hess, et al. 2008; Hess, 
Schramm, et al. 2014). As stated before, climatic changes are expected to both bear new 
risks (e.g. expansion of disease vectors to previously inhabitable geographic areas), and 
to increase pressure from current health risks (e.g. increased frequencies of extreme 
temperature events). Strengthening basic Public Health services and targeting current 
access to care inequities has been proposed (Smith et al. 2014). In addition, raising 
awareness among stakeholders and the public continues to be an important aspect of 
adaptation (Das & Smith 2012; Lane et al. 2014; Halady & Rao 2010; Sawford et al. 
2014). 
 
Adaptation policy has, until now, often been developed without clear theoretical 
understanding of how it is supposed to work (Ford et al. 2013). The abundance of 
adaptation guides for the development aid context illustrates this problematic gap: 
NGOs, governmental aid agencies, and similar organizations have published a high 
volume of manuals on how to design and monitor adaptation projects based on their 
daily work (van de Sand 2012; Bours et al. 2013). These community-based projects are 
usually aimed at poverty reduction, economic adaptation, and adaptation to natural 
hazards without a specific health focus (Barrett 2013). Their focus is not easily 
transferred to higher income nations, although the idea of community-based actions 
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bears potential regardless of location (United Nations Centre for Regional Development 
2003; Picketts et al. 2013; Ireland & Thomalla 2011).  Practice-based manuals are of high 
value; yet specifically for Public Health research theoretical frameworks on how 
adaptation is supposed to protect health are equally necessary. One possibility would be 
to frame adaptation as a precautionary principle, intended to prevent harm to health. 
The question then has to include how unintended harmful or beneficial effects of adap-
tation can be included in evaluation. These questions have not been answered. One 
possibility for a theoretical framework is suggested in this dissertation. 
 
2.3.2 Global adaptation governance 
International adaptation policy is generally characterized by slow progress, partially 
caused by relying on voluntary commitments of countries and their governments (Ayers 
2011; SEI 2012; Patt 2012; Arnell et al. 2013). The UNFCCC, the most relevant climate 
change related international treaty (Böhmelt 2013), was negotiated in 1992, but the 
subsequent Kyoto Protocol’s first commitment period did not start until 2008 (United 
Nations Framework Convention on Climate Change 2014a). In the UNFCCC’s adaptation 
work stream, knowledge generation and, more importantly, financial compensation 
mechanisms between countries play an important role (United Nations Framework 
Convention on Climate Change 2014b). Overall, the UNFCCC process is less interested in 
health issues and geared more towards reducing greenhouse gas emissions, and 
strengthening lower and middle income countries’ responses (Burton et al. 2002). The 
potential mismatch between global governance of climate change and local 
susceptibilities to the effects of these global developments has been called an 
“adaptation paradox” (Ayers 2011; Ayers 2010). This leads to concurrent 
implementation of national, regional, and local climate change adaptation strategies, 
under various leaderships and with various goals (Wiley 2010). At the global level, 
climate diplomacy has established international protocols and meetings such as the 
Conference of the Parties of the UNFCCC (Schipper 2006). National and local adaptation 
efforts by governments or stakeholders are needed to complement global arrangements 
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(Panic & Ford 2013), as is represented in the policy analysis of national documents and 
the Japanese interview study. 
 
2.4 The “problem” of evaluation  
In this study, evaluation refers to the question: “How can we assess whether climate 
change adaptation reduces adverse health effects?” The challenges associated with 
measuring adaptation and health together create the “problem of evaluation.” This 
problem of evaluation has four reasons: 
1. climate change is a complex problem that manifest itself through disparate 
impacts at varying spatial and temporal scales, 
2. climate change occurs in the post-normal science realm, 
3. the black box of context, 
4. challenges attributing causality in place-based vulnerability to heat and other 
climate effects.  
Ideally, health-related evaluation of climate change adaptation should be able to 
reconcile different understandings of effectiveness between epidemiology and public 
policy.  
 
Climate change is such a wicked problem because its effects seem “distant, intangible 
and delayed” (Feliciano and Berkhout 2013:415). The current world, with its complexity, 
uncertainties and global risks has been termed the “post-normal age” (Funtowicz & 
Ravetz 1993), where uncertainty cannot be reduced or dismissed. Instead, uncertainties 
have to be accepted and managed (Funtowicz & Ravetz 1993; IPCC 2012a). This concept 
applies to climate change in that a) the uncertainties inherent to projections, scenarios, 
pathways, and estimates are a fundamental part of climate change, and b) solutions are 
urgently needed because of these complexities and uncertainties. Related to 
complexities is the idea of a black box of context (Broadbent 2011b; Macintyre et al. 
2002). The term describes the difficulties researchers have in separating individual 
contextual factors from the entire context. What role does each of these factors play? 
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What about a cumulative effect of context? Answering these questions has been 
challenging. Finally, identifying causal relationships remains the main crux of adaptation 
and health research and is discussed further in the next section. 
 
2.4.1 Evaluating adaptation 
Spearman & McGray (2011) argue that strict evaluation frameworks from other contexts 
might prove insufficient to capture the effects of adaptation. The keyword is “causal 
link”: to assess whether the adaptation measure protects human health, a causal link 
between the measure and a chosen health outcome needs to be established. This causal 
link is a major challenge in climate change adaptation research due to:  
? the long timeframe from implementation to societal changes,  
? the difficulty establishing the counterfactual or control,  
? the novelty of adaptation projects,  
? and the multiple pathways through which a) diseases, especially non-
communicable illnesses, develop, and b) adaptation policy influences 
determinants of health that may contribute to disease etiology themselves.  
Additionally, determining what to measure when assessing adaptation is debated (Panic 
& Ford 2013; Ford & Berrang-Ford 2015). Do outcomes or process matter more? My 
case study showed that adaptation in itself often demarcates only the beginning of a 
process and may not necessarily go by the name of climate adaptation. Whether one 
should assess changes in vulnerability, or resilience, or adaptive capacity, or use 
indicators for all of these, remains entirely up to the researcher (Ford et al. 2013; 
Lamhauge, Lanzi, and Agrawala 2013). Uncertainties about how to evaluate adaptation 
outside the development context, specifically for Public Health, drive this research 
project. On a positive note, these uncertainties allow researchers to explore the issue 
using different methods.  
 
As shown, previous research exploring adaptation evaluation draws heavily from 
disaster risk reduction and livelihoods research in developing countries (Nielsen & 
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Reenberg 2010; Rosenthal & Jessup 2009; Campbell-Lendrum & Corvalan 2007; Solecki 
et al. 2011). Cost-benefit analyses are an additional option for adaptation evaluation, as 
illustrated by a “saved wealth, saved health” formula including the disability adjusted 
life year (DALY) measurement (Köhler & Michaelowa 2013). Indicators are project-
specific and can range from number of deaths during a heat event to number of people 
receiving information on risks (Lamhauge et al. 2013), with a strong focus on process 
(Ford et al. 2013). The ideal of a standard evaluation framework comprising a fixed set 
of indicators seems unlikely to sufficiently grasp the contextual and systematic 
differences between adaptation situations. What can Public Health contribute to solving 
this dilemma? How does evidence-based Public Health handle these attribution issues?  
 
2.4.2 Evidence-based Public Health and adaptation 
Of high interest to the climate change adaptation and health communities is the 
possible application of evidence-based Public Health (EBPH) frameworks to adaptation 
(Hess, Eidson, et al. 2014). Ideally, all health-related programs are steeped in evidence 
for their effectiveness. “First, do no harm” applies not only to medical specialists but 
also to well-meaning Public Health interventionists. Evidence-based Public Health aims 
at creating and judging this usefulness and effectiveness. This concept is defined as 
a Public Health endeavour in which there is an informed, explicit, and judicious 
use of evidence that has been derived from any of a variety of science and social 
science research and evaluation methods (Rychetnik et al. 2004:538). 
Evidence-based Public Health seeks reliable information generated according to 
guidelines on what evidence entails in the health research community. Jeremy Hess et 
al. (2014) proposed to use a standard evidence-based Public Health framework with 
slight modifications in adaptation research. The framework has potential, but is also 
confronted with the problem that standard hierarchies of evidence from evidence-
based medicine cannot apply to a situation where randomized controlled trials (RCTs) 
are rarely done or even possible. Evaluation in Public Health is defined as  
a process that attempts to determine as systematically and objectively as 
29 
possible the relevance, effectiveness, and impact of activities in the light of their 
objectives (Porta & International Epidemiological Association 2008:86).  
This process is aided by evaluation tools. The choice of quantitative and qualitative tools 
should be driven by the specific questions the evaluation tries to answer (Bortz 2006; 
Kuckartz et al. 2008). Where medical research evaluates etiology and clinical 
effectiveness, Public Health researchers are interested in intervention evaluation and 
possibly policy assessments (Rychetnik et al. 2002). Similarly, climate change adaptation 
can be framed as either an intervention or a policy (Ebi & Burton 2008; Carter 2011; 
Brooks et al. 2013). Both outcome and process evaluations can be applied to Public 
Health research questions. Process evaluations have been a staple of adaptation policy 
evaluation in recent years (Marinucci et al. 2014; Füssel & Klein 2004), whereas 
epidemiological studies prefer to look at adaptation outcome indicators such as 
mortality (e.g., Aida et al. 2011; Anderson, Dominici, et al. 2013; Bi et al. 2011).  
 
One underexplored option would be to learn from efforts of including intersectionality 
in epidemiological analyses (Bauer 2014). The theory asserts that multiple inequalities 
from all domains of social position, including sex and gender, race, ethnicity, education, 
age or socio-economic status, cannot be assessed as distinct since they occur 
simultaneously and are not additive (Bauer 2014). Intersectionality’s similar need to 
address complex contextual domains is increasingly considered in epidemiological and 
medical research, and could inform adaptation evaluation methods as well.   
 
Conceptualizing of health-related evaluation of climate change adaptation is therefore 
not yet complete. The goal of this work is to contribute to expanded understandings of 
the concepts of evaluation and effectiveness within the climate change adaptation and 
Public Health nexus. 
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3 The place and vulnerability: theoretical foundations   
This dissertation is composed of five studies that examine the issue from different 
angles. Beyond this fragmentation, however, this dissertation is anchored in an 
overarching theoretical position: An understanding of human vulnerability to climate 
effects embedded in a theory of physical and social place. This forms the backbone of 
my assessments of climate change adaptation policy and human health. The two major 
theoretical foundations for the dissertation research project as a whole are a) the place 
in Public Health and climate change research, and b) theories of vulnerability. 
 
3.1 The place in Public Health and climate change research 
Place matters in health, climate change, and adaptation (Wilhelmi & Hayden 2010). 
Place is not limited to a geographical definition. In this research project, place is multi-
faceted.  People are embedded in environments composed of multiple places where 
they live, work, and spend free time. Depending on duration and intensity of contact 
with an environment, exposure to variables within these environments is stronger or 
weaker (Hess et al. 2008). This is confounded by humans moving between places, 
making themselves susceptible to the realities of more than one place. The physical 
location is in itself subject to changes, both subtly and on a larger scale. In climate 
change and disaster research, physical location can also indicate permanent exposure to 
place-specific disasters or climate risks (Wisner et al. 2004; World Health Organization 
2002). The same holds true for Public Health risks from environmental exposures: 
proximity to emissions-producing factories or toxic waste in water sources can be 
permanent or eclectic. Places change: they expand, contract, become more or less 
green, contain fewer or more inhabitants, are built higher or torn down. In climate 
change research, this moving within one defined space is less of a problem as long as 
the exposure of interest, for example, the hazard, affects the defined space in its 
entirety. If the scale of place to be researched is thus small enough, further subdivision 
into more or less vulnerable areas is not necessary. If, however, the defined space is 
larger than the reach of the hazard, or if highly localized places have certain charac-
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teristics that may confound the impact of an extreme event, then a more detailed 
examination of small-scale vulnerabilities and the environments creating them is 
required.  
 
Environmental health research is interested in the complex interactions between 
environmental exposures and health outcomes. Levels of an exposure and subsequent 
responses are examined to assess the extent of environmental risks. With climate 
change and heat, such an assessment is less direct than with a toxicological substance.   
Fekete (2010:18) described exposure as a “measure of susceptible elements within a 
region threatened by a hazard.” Applying his definition to heat and health, heat as the 
hazard becomes magnified by elements such as the built environment. Susceptibility is 
two-fold: while the place may be susceptible to trap heat, for instance, humans, already 
biologically susceptible to heat effects, might have their susceptibility magnified within 
said place. Consequently, the physical place mediates exposure.   
 
3.1.1 Defining a place 
How then, could one meaningfully define a place for the purposes of this research 
project? One option is to move beyond physical location and include broader aspects of 
place into the definition (Macintyre et al. 2002; Cummins et al. 2007). Beyond its 
physical properties, Sally Macintyre et al. (2002) include infrastructural and social as-
pects of place into their research on measurement of place effects on health. All three 
facets are relevant for the discussion on health risks of heat: exposure to extreme heat 
is mediated by physical and infrastructural determinants, and risk perception and 
behavioral adaptation rely on social functioning. Geographical patterns of health and 
illness are increasingly recognized as a major explanatory variable for prevention 
research (Keene & Padilla 2014; Morris 2010; Cummins et al. 2007; Harlan et al. 2013). 
In climate change discourses, the concept of climate justice is strongly linked to place as 
well (Bolte 2012; Sovacool 2013; Yamada & Galat 2014).  
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3.1.2 Black boxes of place 
Macintyre et al. (2002) indicated a concern with the contextual determinants of health 
and argue that the mechanisms of these contexts’ role in influencing health behavior 
and health are rarely theorized. Similar to Broadbent’s critique of “black boxes” in 
epidemiological causation explanations (Broadbent 2011b), Macintyre et al. (2002:131) 
struggle with unspecific descriptions of context in health and place research, calling the 
lack of theorizing of context in geographic health research a “black box of places.” The 
authors are particularly interested in what all is subsumed under “context” instead of 
being accounted for as individual variables. The contents of this black box, the place-
related context, then, “somehow […] influence […] some aspects of health, health-
related behavior, or health risks in some population groups.” (Macintyre et al. 2002: 
129). The authors argue that rather than view context as a single entity, it would be 
preferable to divide it up into compositional, contextual, and collective concepts 
(Macintyre et al. 2002; Macintyre 1997). Each of those three contains multiple 
explanatory factors:  
Compositional explanations draw our attention to the characteristics of 
individuals concentrated in particular places; contextual explanations draw our 
attention to opportunity structures in the local physical and social environment 
collective explanations draw our attention to socio-cultural and historical 
features of communities. This last type of explanation emphasizes the importance 
of shared norms, traditions, values, and interests, and thus adds an 
anthropological perspective to the socioeconomic, psychological, and 
epidemiological perspectives often used to examine area effects on health 
(Macintyre et al. 2002:130).  
The quote illustrates the broader definition of place advocated for above. Furthermore, 
Macintyre et al. (2002) show how multiple variables potentially influence health 
outcomes  in research on health and environment. I argue that this variety of factors 
also applies to climate change and health research. Thus the place needs to be included 
in any discussion on climate change adaptation.    
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3.1.3 Causality hidden inside black boxes 
Macintyre et al.’s “black boxes of places” (2002) remind of an implicit causality: an 
assumption based on observational evidence of a connection that we cannot quite grasp 
(yet). Implicit associations have been the subject of a lively debate in the sciences; 
whole volumes of writings on causality concepts have been written (Illari 2011). Why is 
causality so relevant to climate change adaptation and health research? In this research 
field, we are faced not only with a black box of context and causal relationships between 
specific climate change indicators and health outcomes. An additional layer is created 
from a second black box of causal associations between adaptation efforts themselves 
and health outcomes, and yet a third layer of relationships between adaptation as a 
mediator of climate change indicators and health effects (Figure 3).  
 
To disentangle factors and outcomes, clear definitions of the context of the research 
project, the exposure, and the health outcomes of interest is necessary and challenging. 
In addition, not only can a health outcome illustrate adaptation effects, but the way 
adaptation strategies shape vulnerability determinants matters, too.  Thus it is 
important to remember that a) measuring context in itself is challenging, and b) causal 
relationships between adaptation and health are what we would like to measure. 
Particularly for morbidity and non-communicable disease mortality, this specific 
relationship poses an even greater challenge to research than other epidemiological 
associations caused by the frequently long timeframe between exposure and disease 
etiology and multiple causal pathways. Constant climatic exposure cannot easily be 
controlled for (Kjellstrom et al. 2010). Climate-sensitive health outcomes such as vector-
borne diseases and temperature-related deaths are easier to link to climatic changes 
than non-communicable diseases, for instance (Campbell-Lendrum & Woodruff 2007).   
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Figure 3: Black boxes of causal relationships between climate change, adaptation, and 
health outcomes 
 
 
3.1.4 Place matters 
As stated above, humans shape and are shaped by the places they live in. The social and 
physical place by and in itself constitutes a risk factor (Cutter et al. 2003). Vulnerability 
to environmental hazards, such as heat, is mediated by place (Wisner et al. 2004). While 
climate risks per se might be similar in different places, research into disasters and 
vulnerability has shown that the event is less relevant than conditions on the ground, 
including social, cultural, environmental and similar aspects (Wisner et al. 2004; Wisner 
2007). Local conditions mediate effects and potential damages of a climatic event 
(Tierney 2012). Place as a major contextual factor thus determines appropriateness and 
possible effects of climate adaptation, and needs to be considered in adaptation 
evaluation.   
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Consequently, this research project repeatedly focusses on place: including in the 
changes in risk factor distribution study (Boeckmann & Joyner 2014), the Japanese case 
study (Boeckmann 2015a), and the European national policy analysis (Boeckmann & 
Zeeb 2014).  
 
3.2 Health and place-based vulnerability 
The concept of place-based vulnerability derived from research into social vulnerability 
and aims to capture the geographical and social dimensions of susceptibility to hazards 
(Cutter 1996; Cutter et al. 2003; Cutter et al. 2014). Cutter et al. (2014) describe their 
approach as appropriate to show both the location of vulnerability (the geographic 
dimension) and the vulnerable populations themselves (the social dimension). Their 
integrative concept combines biophysical exposure risk and social response within a 
specific place. For instance, the natural hazard heat is as much a “hazard of place” as it is 
a physical hazard (Cutter 1996). Cutter’s theory lends itself to climate change adaptation 
and health research as arguing that, while developed within human geography and 
fundamentally geographically centered, place can either be a geographic area or social 
space (Cutter 1996). This is in line with the role of place discussed in the previous 
section. In its more recent version, this framework has been refined into a “hazards-of-
place model of vulnerability” (Cutter et al. 2003:243), in which a “hazard potential is 
either moderated or enhanced by a geographic filter (site and situation of the place, 
proximity) as well as the social fabric of the place” (Cutter et al. 2003:243). Interaction 
between the social fabric and the biophysical location creates outcome vulnerability 
(Cutter et al. 2003:243). In this dissertation, place-based vulnerability plays a role in 
research into risk factor changes (Boeckmann & Joyner 2014), and in the case study on 
evaluation on the ground (Boeckmann 2015a). Overall, the concept also links to the 
place as a mediator of inequity and structural disadvantages, another aspect important 
for context in adaptation evaluation.  
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3.3 Vulnerability theories  
At first glance vulnerability seems easy to understand: Vulnerability describes 
circumstances putting one at risk. If we look more closely, we are challenged with the 
inherent vastness of the concept of vulnerability. Diverse disciplines claim the term as 
their own and embed their unique connotations into the term (Füssel & Klein 2006; 
Adger 2006; Cutter 1996). The variety of histories and definitions require a choice, and 
this choice is generally rooted in the discipline one operates in and in the research 
subject. For the climate change and health research communities this means trying to 
bridge at least two disciplines: Public Health and environmental sciences. The latter 
again has a diverse portfolio and in climate change discourses borrows as much from 
human geography (social vulnerability) as from evolutionary biology (biological 
acclimatization) (Gallopín 2006). 
 
The IPCC defines vulnerability as the “propensity or predisposition to be adversely 
affected” (IPCC 2014b:5). IPCC differentiates between outcome vulnerability and 
contextual vulnerability, acknowledging that “[v]ulnerability encompasses a variety of 
concepts including sensitivity or susceptibility to harm and lack of capacity to cope and 
adapt,” (IPCC 2014b:5). Ebi et al. (2006) define vulnerability in climate change as a 
function of sensitivity to changes, population characteristics, exposure, and adaptation.  
 
3.3.1 The concept of vulnerability in Public Health 
Judith Butler (2008) argues that any human body is inherently vulnerable, that we all 
share a “fundamental corporeal vulnerability.” The term’s etymology links back to the 
Latin terms “vulnus”, “vulnerabilis” and “vulnerare:” “wound,” “to be wounded,” and 
“to wound,” respectively (Fekete 2010:15; Chavez Rodriguez 2013:36). Humans are 
prone to get ill, to suffer, to die. Bodies and minds are at once fragile and able to 
withstand extreme shocks. Humans navigate constant health threats, and the goal of 
Public Health is to increase chances of not suffering (yet). In climate change research, 
not only people are vulnerable but the environment is shaped by climatic impacts as 
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well. In post-humanist thought, human and non-human actants shape the world (Rock 
et al. 2013). In this dissertation, two such non-human actants occur: a) climate change 
as a cause, and b) the environments to be adapted. Since both influence human health 
in return (Prüss-Üstün & Corvalán 2006), climate change research is thus a site of 
engagement for Public Health researchers.  
 
Public Health interventions target risk factors to either prevent future occurrences of 
injury or illness as primary prevention, or to prevent further complications of existing 
conditions in secondary prevention. This premise echoes the problem of adaptation 
outlined in the background chapter: success is the absence of an adverse event. To 
establish failure or success of an intervention project, this absence has to be measured.  
Medical scientists work with proxy indicators: inconspicuous blood work, prevalence of 
pre-cancerous cells, or blood pressure among a “normal” spectrum all represent the 
absence of the disease in question. Vulnerability research also requires the use of a 
proxy to determine who might be more likely to suffer should an adverse event occur. 
Health-related examples of these proxies are usually mortality concepts such as specific 
hazard-related mortality or all-cause mortality. In climate change and health research 
specifically, definitions of the IPCC are in use, and discipline-specific theories of 
vulnerability to climate change do not exist. Instead, theories and definitions from other 
disciplines are appropriated and applied to the health context. This dissertation draws 
from human geography in its focus on place-based vulnerability. The following section 
presents a brief history of vulnerability theories in environment and human health.  
 
3.3.2 Origins: a history of vulnerability theories in human – environment research 
Disciplines engaging with the concept of vulnerability range from human geography, 
disaster risk research, ecology, and economics to sociology, psychology, engineering, 
and human health (Adger 2006). Indeed, Adger (2006) argues that only when looking at 
human-environment interaction can we even speak of a similar understanding of 
vulnerability across disciplines. The reason, Adger (2006) writes, lies in the importance 
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of a social-ecological systems approach to the concept of vulnerability. This makes sense 
as climate change acts on the physical environment but these physical environments are 
not ends to themselves. They in turn influence social interactions and human-made 
networks and environments. 
 
Within climate change research, human – environment interactions are characterized by 
both social and ecological research traditions. Human power manipulates the 
environment, for example through pollution and greenhouse gas (GHG) emissions. As a 
result of climate change, natural hazard effects of this anthropogenic manipulation can 
become threats to human health. And finally, in response to these threats, humans 
manipulate environments again through climate change adaptation.  This is an 
important consideration for vulnerability research: We are confronted with both the 
socially constructed vulnerability and the factual natural hazards. My definition of 
environment is linked with natural hazards research, and encompasses both human and 
non-human aspects.   
 
Environments can be both natural and artificial, and both types matter when exploring 
and analyzing the effects of climate change. Bohle (2007) writes that three areas of 
investigation into the “geographies of vulnerability” are ecology, society and technology. 
The concept was thus developed in the environmental and social sciences (Bohle 2007). 
Wisner (2007) points out that at the center of what defines vulnerability to environ-
mental hazards lies the awareness on how hazards’ effects on humans are not “natural”. 
Instead, deaths and destruction are rooted in current and historical “interdependencies 
of power, social and economic life, location, topography and ecology” (Wisner 2007:13, 
translated from German by MB).  
 
Reflected in the variety of disciplines contributing to vulnerability research are the 
various origins of current vulnerability research developed in different disciplines. 
Researchers stress different traditions; what is considered to be the antecedent to 
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modern vulnerability research in the realm of the environment and climate change is 
contested. Among vulnerability theories, the concept of social vulnerability is of high 
relevance to human health. Adger (2006) points out two antecedent theories of social 
vulnerability he deems important: 
1. Amartya Sen’s theory of entitlements and 
2. theories of vulnerability to natural hazards. 
The second strand is divided again into the ‘pressure-and-release’ model, political 
ecology, and the probability and impact of natural hazards (Adger 2006:271).   
 
3.3.2.1 Amartya Sen’s theory of entitlements 
Entitlements theory was developed by the economist Amartya Sen in 1977. Originally, 
Sen’s work was based on theorizing famine in Sub-Saharan Africa (Chavez Rodriguez 
2013; Kasperson et al. 2005). Sen aimed at explaining the reasons for famines through 
socio-economic causes and distinguished between endowments, goods or the ability to 
work, and exchange entitlements, the ability or opportunity to sell and exchange said 
goods and manpower (Chavez Rodriguez 2013; Kasperson et al. 2005). Where Sen 
included all rights and chances of a person to participate in goods exchanges it links to 
social vulnerability: the power to own and command goods that ensure access to food is 
not merely linked to natural events such as a good or poor harvest, but rather depends 
on the social structures distributing said power. The entitlements approach has been 
critiqued repeatedly in the past years specifically for its sole focus on market mecha-
nisms (Chavez Rodriguez 2013; Gore 1993), and because it ignored physical or ecological 
impacts on food insecurity (Adger 2006). But Sen’s influence on incorporation of 
economic and sociopolitical dependencies into hazards research and subsequently 
climate change research should not be underestimated (Adger 2006; Chavez Rodriguez 
2013). 
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3.3.2.2 Natural hazards-based vulnerability 
The role of natural hazards within ecological systems that Sen’s theory of entitlements 
lacked lies at the heart of a second origin of vulnerability research: hazards-based 
vulnerability. Three influential research strands are discussed: Burton’s concept of the 
environment as hazard, Hewitt’s human ecology (Hewitt 1997), and the ‘pressure-and-
release’ model (Wisner et al. 2004), a synthesis of the previous two. 
 
Burton (1978) argues that how humans deal with an extreme event creates danger and 
therefore the hazard. His definition is closely linked to the social structures and 
constructed environments already discussed in place-based vulnerability as well. Burton 
writes about seven dimensions of a hazard that determine the hazardousness of an 
extreme event based on exceedance of a threshold (Burton 1978:22-23). These 
dimensions are magnitude, frequency, duration, areal extent, speed of onset, spatial 
dispersion, and temporal spacing (Burton 1978:22-23). Burton’s dimensions allow both 
slow and fast onset extreme weather events to be viewed as hazards. Burton also 
coined the term “pervasive hazard” for heat, as cited in the background chapter (Burton 
1978). Of interest to vulnerability research is Burton’s view that human involvement and 
preparedness determine the extent of adverse effects. Further important aspects of 
Burton’s framework are his links to responses to hazards, namely adaptation, and his 
inclusion of spatial vulnerability.  
 
More specific than Burton, Hewitt stresses the increased vulnerability of poorer and 
marginalized groups in his book “Regions of Risk” (Hewitt 1997). Hewitt calls this a 
“human ecology of endangerment”, and links it to location (Hewitt 1997:143; Adger 
2006). Location matters as lower income households tend to cluster in areas most at risk 
from flooding, for example. Applied to the topic of heat and health, a similar 
phenomenon is the clustering of poorer households in densely populated, highly 
urbanized inner cities (see also Klinenberg 1999 for a more detailed discussion on the 
urban poor and disaster risks).   
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Drawing from previous approaches, the pressure and release model connects a hazard, 
also called pressure, on one hand, and a progression of vulnerability on the other 
(Wisner et al. 2004). Pressures of vulnerability comprise three aspects: root causes, 
dynamic pressures and unsafe conditions (Wisner et al. 2004). In this model, root causes 
of vulnerability are based on ideologies and power structures facilitating or preventing 
access. Dynamic pressures at the macro level may include rapid urbanization and 
population growth, but also freedom of press. Finally, the physical and social local 
environments can lead to unsafe conditions. A disaster occurs where the socio-
economic pressures and the natural hazard intersect (Wisner et al. 2004). Risk of 
adverse effects is a result of hazard multiplied by vulnerability (Wisner et al., 2004).   
All three natural hazards based vulnerability theories stress the social component that 
turns an extreme event into a risk or hazard. In this regard they relate to Sen’s 
entitlements theory. In addition, their focus on a social dimension more adequately 
captures what makes a dangerous situation: the hazard interacts with the conditions 
and social fabrics “on the ground” with humans at the exposed center. 
 
3.4 Criticisms of the social vulnerability concept 
Despite its popularity and potential as an explanatory framework, even in spite of its 
continuous factual use in the climate change research community, vulnerability as a 
theory has its shortcomings. A major drawback is the conceptual variety collected under 
the term. Vulnerability can be viewed as an outcome or a context (O’Brien et al. 2004; 
O’Brien et al. 2007). Separating the two is challenging work. Possibly as a result, 
published research is not always explicit about these entanglements (O’Brien et al. 
2004). Additionally, as stated before, the sheer number of disciplines adding to the 
canon of vulnerability definitions makes it difficult to operate from a shared viewpoint. 
Climate change and health research as a multidisciplinary endeavor requires careful 
consideration of the most appropriate concept to be used in studies. Using the IPCC 
definition as the authoritative voice can be helpful; but this very broad definition might 
also mean trying to grasp too many aspects at once. Yet another criticism states that all 
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current vulnerability approaches fail to include perception and “social construction of 
vulnerability” (Christmann & Ibert 2012). At this point, using established vulnerability 
theories from disaster risk and environmental health research to assess climate change 
adaptation is a viable and useful option. With more knowledge generated about the 
global issue of climate change, possibly new variations of vulnerability will be defined 
and applied.  
 
The roles of gender and intersectionality in vulnerability are still rarely discussed in 
climate change and health projects. Most prominently, such considerations occur in 
research on lower income nations and disaster risks (Preet et al. 2010; World Health 
Organization 2011; Kukarenko 2011; Chavez Rodriguez 2013; European Institute for 
Gender Equality 2012; Skinner 2011; Kakota et al. 2011). Strengthening the gender 
perspective in future climate change research, also for high income research settings, 
could help better understand vulnerability risk factors and dynamics, and contribute to 
better adaptation concepts.  
 
3.5 Social justice as a normative research framework 
Adaptation research operates within a normative framework: climate change is seen as 
reality; and adaptation is viewed as desirable to prevent adverse effects of these 
changes. The knowledge gap on effectiveness implies an ethical dilemma: adaptation 
projects are implemented, yet whether these work or if they might lead to co-harms is 
not known. “Wait and see” is not an option, however, as adaptation needs to be 
implemented in the present to adjust systems for inevitable climatic impacts of the 
future. A core value of Public Health is the advancement of social justice (Gostin & 
Powers 2006), a normative viewpoint this dissertation shares. Climate justice is one 
aspect of this broader concept (Sovacool 2013). Within this research project, evaluation 
of adaptation is seen as a necessary effort to establish the use of strategies and 
measures in promoting the public’s health under increased pressure from climatic 
changes.  
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4 Knee-deep in data? Reflections on data collection and analysis methods 
This dissertation is designed as a mixed methods study, and consists of both quantitative 
and qualitative research. Overall, I approached my research topic through the following 
five sub-projects: 
 
Quantitative approach:  
? A quantitative modeling of vector niches, 
? systematic review of heat adaptation effectiveness. 
 
Qualitative approach: 
? Critical policy analysis with discourse analysis, 
? situational analysis of a case study: Semi-structured expert interviews, obser-
vation, and document analysis,  
? theory-based framework on including climate justice in adaptation evaluation 
(presented in the results and discussion section). 
This project placed equal emphasis on each approach to enable a thorough conceptual 
re-thinking of evaluation. Mixed methods are useful when working with complex 
research problems (Kelle 2008; Saks 2007; Silverman 2011). This multi-study design 
offered the opportunity to navigate the diversity inherent in climate change and health 
research. The systematic review attempts to answer research question a) on 
effectiveness of adaptation by using the example of heat and mortality and morbidity. 
The remaining four studies explore research question b) on how adaptation evaluation 
could be approached.   
 
Within this project the research process was linear while allowing for feedback loops 
and circular elements. Results from each study informed additional analyses. A 
simplified overview over the research process can be illustrated as follows: 
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Figure 4: The research process  
 
The dissertation project was influenced by a constructivist point of view (Silverman 
2011; Okely 2012). Constructivism acknowledges the “multiple meanings that people 
attach to what they do” (Silverman 2011:191). Additionally, the position assumes that 
realities are socially shaped by actors, interactions and institutions (Flick 2010). Arguing 
for the role of context necessitates a constructivist approach to socially shaped 
situations.  
 
The choice of study regions, European countries and Japan, was driven mainly by these 
countries’ principal capabilities to implement adaptation, and by their vulnerabilities to 
climatic changes (Box 2).  
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Box 2: Reasons for study region selection 
 
A) European countries and Japan have both financial and institutional capacities for 
adaptation combined with a history of environmental and Public Health policy (Imura & 
Schreurs 2005; Schreurs & Tiberghien 2007; Busse & Blümel 2014; Tatara & Okamoto 
2009). 
 
B) Highly urbanized areas in temperate regions are at great risk for adverse heat effects 
(Armstrong et al. 2011; Patz et al. 2005). 
 
C) Climate justice is an issue at both global and local levels, also within higher income 
nations (Klein Rosenthal et al. 2014; Shonkoff et al. 2011; Bulkeley et al. 2014; Gardiner 
& Hartzell-Nichols 2012). 
 
4.1 Tackling the problem of evaluation 
The following paragraphs describe the specific methods employed in each part of the 
dissertation research. Starting from assessing the evidence base for adaptation 
effectiveness with a systematic review, evaluation is discussed as monitoring of risk 
factor changes, evaluating adaptation policy, and finally as evaluation on the ground. 
The final sections in this chapter cover triangulation and research ethics.   
 
4.1.1 Evaluating the evidence base: systematic review methods 
How effective is adaptation to heat? How have others dealt with the problem of 
evaluating adaptation, using heat as an example? We conducted a systematic literature 
review with focus on peer-reviewed publications. The review was published in BMC 
Public Health, and further details about the search methods can be found in the article 
(Boeckmann & Rohn 2014).  
The following outcomes were of interest: 
1. Reduction in heat-related morbidity and mortality. 
2. Reduction in heat island exposure. 
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Article search and selection were guided by PRISMA guidelines. We conducted the 
searches in the databases PubMed, Web of Knowledge, Biological Abstracts, CAB 
Abstracts, and ProQuest Dissertations & Theses A&I, excluding articles without an 
English abstract, without actual evaluation, and non-research articles. We used the CASP 
checklists (Critical Appraisal Skills Programme (CASP) 2013) to assess study quality. Data 
synthesis was achieved through a narrative approach, as study heterogeneity prevented 
us from conducting a meta-analysis. We examined two subgroups of articles: those 
assessing morbidity and mortality changes through regression analysis, and those 
assessing changes in risk perception and behavior. Overall, 30 articles were included in 
the assessment.   
 
Author’s contribution: I conceptualized and designed the study, conducted the literature 
search, study quality appraisal and data analysis, and drafted the article.  
 
4.1.2 Evaluating risk factor changes: the example of vector distribution changes under 
climate change 
Heat not only influences temperature-related morbidity and mortality, but also plays a 
role in infectious disease vector lifecycle and distribution. Ixodes ricinus ticks, common 
tick-borne encephalitis vectors in Europe, are susceptible to environmental changes and 
depend on habitats with a suitable temperature and precipitation profile (Gern 2005). 
Thus climate change may alter distribution and abundance of ticks in Europe, as other 
studies have suggested (Feria-Arroyo et al. 2014). Risk factor changes are therefore a 
real possibility and will influence adaptation decision-making. T. Andrew Joyner and I 
conducted a health geography study on current and future suitable niches for I.ricinus 
ticks in Europe. Potential future tick habitats under an A2 climate scenario were 
modeled using a Genetic Algorithm for Rule-set Prediction (GARP) approach. GARP is 
open access software that models presence-only locality data, and analyzes the 
relationship between these data and environmental parameters in a specific location 
through an iterative training and testing process (Stockwell & Peters 1999).  
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The data set comprised 904 geo-referenced, spatially unique tick presence localities in 
Europe made accessible by the Global Biodiversity Information Facility (2013). Current 
climate-sensitive tick distribution was modeled for a baseline climate constructed from 
climate data averages from 1990–2010. To model future climatically suitable niches, we 
employed the CSIRO SRES A2 emissions scenario for the time period 2040–2060. The A2 
is a high emissions scenario and assumes continued population growth and regionally 
fragmented economic growth (Consultative Group on International Agricultural 
Research (CGIAR) 2013). Climatic variables (often called bioclimatic variables) included 
in the model were annual mean solar radiation, iso-thermality, annual total 
precipitation, precipitation of wettest quarter, and precipitation of driest quarter at a 
resolution of 8km. Core bioclimatic variables (all variables used except solar radiation) 
were developed by Hijmans et al. (2005) and accessed from WorldClim.  Solar radiation 
was calculated based on the methodology proposed by Kriticos et al. (2012).  
Based on the climatic variables and current potential distribution, the GARP model 
proposed a future potential distribution map that we additionally tested for model 
agreement.   
Further details about our methods can be found in the article (Boeckmann & Joyner 
2014).  
 
Author’s contribution: I designed the study, conducted the literature search, applied the 
results to adaptation, and wrote the manuscript.  
 
4.1.3 Evaluating adaptation policy: critical policy and discourse analysis methods 
To assess whether European climate change adaptation can contribute to health 
protection, I conducted a document analysis with critical discourse analysis of 21 
European national climate change adaptation strategies from 19 countries in close 
collaboration with my advisor. How well do these strategies take health impacts into 
account? We analyzed the documents from a social justice framework perspective, in 
line with this dissertation’s theoretical background. Following the thematic 
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identification of health impacts and climate change adaptation approaches outlined in 
the strategy documents, we applied elements of critical discourse analysis to a 
subsample of six strategies from Austria, England, Finland, Greece, Sweden, and Wales.  
 
Our assessment (Boeckmann & Zeeb 2014)  is based on methods for critical discourse 
analysis outlined by Fairclough & Fairclough (2012) and Teun van Dijk (2002). In the 
strategy texts, topics and values related to social justice and health protection in climate 
change adaptation were identified and strategy documents ranked based on three main 
criteria: inclusion of social justice, social determinants and structural adaptation. The 
ranking formula was as such: each adaptation type included in a strategy was assigned 
one point for the partial score, on the basis that more comprehensive strategies with 
different types of adaptation measures carry greater potential to protect health. As 
weighting mechanisms we subsequently added percentage points to the partial score: 
25% of the partial score for explicit mention of social justice or fairness, 20% of the 
partial score for addressing migration or demographic changes, and 15% of the partial 
score for inclusion of structural adaptation. The scoring system was inspired by Bittner 
et al. (2013) and the different weighting scores chosen to illustrate the assigned 
importance of each variable.   
 
Author’s contribution: I designed the study, chose the methods, analyzed the strategies, 
conducted the discourse analysis, devised the ranking approach, and wrote up the 
results.  
 
4.1.4 Evaluating on the ground: a Japanese case study and situational analysis  
This exploratory embedded single-case study examined heat adaptation within a local 
Japanese context. The goal was to map the context of heat adaptation evaluation “on 
the ground.” Qualitative case studies have been proposed as useful designs for the 
study of „a contemporary phenomenon” that shall be “investigate[d] […] in depth and 
within its real-life context” (Yin, 2009:18). Climate change and adaptation are complex 
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contemporary phenomena that were investigated here through experts’ perceptions 
and relevant discourses. Context of the case study was captured through the use of:  
? Interviews with experts in 3 Japanese prefectures 
? Observation 
? Supporting documents 
? Background reading 
Collected data were analyzed based on Adele Clarke’s situational analysis methodology 
(2005). 
 
4.1.4.1 Data collection 
Exploratory expert interviews 
Interviewing took place in Japan during the summer of 2013, followed by analysis in 
winter 2014. As research into adaptation evaluation is still a new field and under-
researched, study design was only semi-standardized to allow for new discoveries. 
Expert sampling was purposive. The exploratory interview phase in Japan was 
characterized by restrictions placed on the research: strict gatekeeping and limited 
access to experts representing institutions and governments required me to rely on 
Japanese colleagues for introductions. While I was able to communicate my research 
interests, I was not able to be in complete control over sample choice. This shortcoming 
was ameliorated by complementing generated interview data with observation memos.  
 
A semi-structured interview guide was designed and translated into Japanese by 
Japanese researchers. To account for foci of experts’ work and to elicit further 
information, deviation from the interview guide during the interviews was permitted 
where appropriate. Four interviews with eight respondents were conducted face to face 
in the experts’ offices, with interpreters in Japanese and English on two occasions, in 
Japanese and German on one occasion, and completely in English without interpreter on 
one occasion (Boeckmann 2015a). The interviews were audio-recorded, and notes were 
taken and reworked into memos shortly after each interview.  
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The Japanese interviews were transcribed and subsequently translated into German by 
Japanese native speakers. I transcribed the English interview. All interviewees were pro-
vided with the questions before the interview. The interview transcripts were coded and 
used in the situational analysis.  
 
Preliminary data analysis: coding 
Prior to the situational analysis, I coded the interview transcripts openly based on 
adapted guidelines by Charmaz (2006). These data-driven codes were then refined and 
abstracted (focused coding), and after each coding round written into a new version of 
the codebook. Finally, the coded material was used in the situational analysis. Materials 
can be found in the article manuscript (Boeckmann 2015a) and in the appendix.  
 
Observation 
During my research visit to Japan I was invited to a local adaptation forum, a meeting of 
local governmental employees to discuss adaptation projects in their cities and regions. 
With the help of an interpreter I observed the discussions and collected print materials 
on local adaptation. 
 
Cross-cultural research issues 
Having to rely on interpreters and translated transcripts posed a challenge. Translation 
in cross-cultural research has been identified as a “co-construction of meaning” 
(Palmary 2011) that needs to be reflected by the researcher (Temple & Young 2004). As 
my research questions focused on concrete actions, interviewees were likely able to 
convey their practices without too much of it “lost in translation”. My visible status as 
an outsider, a non-Japanese female researcher, can be expected to have had an 
influence on the interview situation as well. These issues are reflected in more detail in 
the article (Boeckmann 2015a).
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4.1.4.2 Analysis methodology: situational analysis 
Adele Clark (Clarke 2005) developed situational analysis in response to traditional 
grounded theory. The approach suited this project, as in contrast to grounded theory 
methodology in the traditional sense (Corbin & Strauss 2008), Clarke acknowledges that 
a complete “openness” towards the subject without having any theoretical knowledge 
or preconceptions is no longer possible. Situational analysis allows for prior knowledge 
as long as the researcher remains open to discovering unexpected findings throughout 
the research process (Clarke 2005). The methodology is based on conceptualizing 
situations. In principle, this means that a situation in itself is the unit of analysis. In this 
dissertation such a situation is heat and climate change adaptation in selected local 
Japanese governmental agencies. Clarke introduces the concept of relationality by 
exploring the position of something or someone in relation to other situations, sites, and 
actions (Clarke 2005:41). Applied to adaptation effectiveness research, relationality is 
useful because locality and places matter; the place in relation to the climate, a hazard, 
or an exposure creates risk; and adaptation targets a specific situation or a place.  
 
At the heart of the situational analysis lie three approaches: situational maps, social 
worlds maps, and positional maps (Clarke 2005:xxii). Situational maps as the first 
analysis step describe the elements and their relations in the situation of interest. In a 
second step, social world maps articulate the collective concepts and discourses in 
which the situation occurs. And finally, positional maps draw attention to implicit and 
explicit positions taken in the relevant discourse (Clarke 2005:86).  
 
Situational mapping 
Situational maps 
I first developed unstructured, then ordered situational maps from the coded interview 
data. Questions driving the mapping (Clarke 2005:87) were  
? Who and what occurred in the situation? 
? Who and what matters in the adaptation evaluation situation? 
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Choice of aspects to map was based on the research question and the categories 
identified through coding.  
 
Social world maps 
Based on my situational maps, I identified the social worlds within which the situation’s 
actors (both human and nonhuman) operate. These social worlds were then ordered by 
assigning each previously identified actor to one or more worlds. Memos about the sites 
or places of these worlds accompanied the mapping.  
 
Positional maps 
Finally, several positional maps were developed, outlining where specific actors are 
positioned in a discourse. Discourses were based on the ordered situational maps and 
the discursive constructs thus identified. 
 
4.2 Connecting the dots: triangulation 
“Between-method triangulation” (Flick 2011), comparing data from documents 
gathered during the research visit to Japan and the interview data, was employed to 
identify conflicts in interpretation of the data. In addition, between-method 
triangulation is described as an opportunity to overcome individual methods’ 
shortcomings (Denzin 1970). A second triangulation took place within the overall 
dissertation through synthesis of quantitative data (Boeckmann & Joyner 2014) and 
qualitative data (Boeckmann & Zeeb 2014; Boeckmann 2015a) in the discussion. 
 
4.3 Research ethics 
Direct human participation was limited to expert interviews on non-sensitive 
information. For the systematic review, discourse analysis, theoretical framework 
development and vector distribution studies, neither humans nor animals were directly 
involved in the research. For the Japanese exploratory expert interviews, oral consent 
for audio recording and interviewing was requested prior to beginning the interviews. 
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Interviewees were assured their names would neither appear in the dissertation nor in 
any publications resulting from this research. Participants were verbally assured their 
participation was voluntary, could be stopped at any time without any negative 
consequences, and no sensitive personal information was requested. In the write-up of 
the research, pseudonyms for locations and interviewees were used.  
 
5 Results: approaches to adaptation evaluation 
How can adaptation be evaluated? Do adaptation strategies have the potential to 
protect human health? How should we deal with the problems of establishing causal 
links between global climate change and human health? To illustrate the multimethod 
approach to these research questions, this chapter is divided according to the arena 
evaluation targets. 
 
First, the results of our systematic review on heat adaptation effectiveness are 
presented. Evaluating risk factor changes in the vector distribution projection study is 
followed by evaluating adaptation policy through critical policy analysis. Evaluating in 
practice is discussed in the situational analysis results. Finally, the problem of evaluation 
is theorized in the theoretical framework for evaluation.  
 
5.1 The state of things: effectiveness review results 
Exemplary for one Public Health risk from climate change, our systematic review 
assessed the evidence base for effectiveness of heat adaptation (Boeckmann & Rohn 
2014). The structured search procedure outlined in the methods chapter led to 30 
included articles; the majority with observational study design (n=16). Additional study 
designs were quantitative surveys (n=6), qualitative interview studies (n=2), prior 
systematic reviews (n=4), one randomized control trial, and one economic analysis. 
Africa, Asia, South America and the Pacific region were underrepresented in the sample. 
Only publications from North America, Europe and East Asia could be included.  
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Overall, the studies reported a decline in sensitivity to heat over longer time periods, yet 
could not attribute the decline to any specific adaptation measure. Outcomes were 
diversely reported and difficult to combine and compare. For instance, studies reported 
mortality rates, excess deaths as counts, relative risks, odds ratios, mortality indices, or 
gave percentages of mortality increases or reduction.  
 
Two themes emerged from the article review: 
First, causality is the biggest problem in discussion on adaptation effectiveness. Clearly 
attributing long-term declines or changes after the implementation of adaptation was 
challenged by the lack of tested alternative hypotheses. Such hypotheses include 
biological adaptation, technological innovation, improvements to healthcare 
systems and access to care, adjustments to the urban built environment in urban 
planning, and societal developments. The role each of these aspects might play in the 
adaptation to heat is debated.      
 
For the survey and interview studies focusing on behavior or risk perception, only one 
study included a pre-test. Without information on the prior knowledge of participants, 
no conclusive judgment can be made on the effectiveness of warning systems or 
warning messages.  
 
And second, comparability between studies and subsequent statements on 
effectiveness were further hindered because of the following characteristics:  
? heat waves differed in intensity and frequency, potentially mediating the impacts 
of each heat wave,  
? confounders such as socio-economic variables and long-term healthcare 
improvements were not included in the analyses,  
? in studies assessing a before and after period, the short time frame between 
implementation of heat prevention and subsequent evaluation may bias results, 
55 
? a heat prevention measure may consist of multiple interventions, causing 
simultaneous implementation and difficulty distinguishing between the effects 
of each, and  
? limited data availability, also exemplified by the lack of pretests.  
These results suggest that standard epidemiological research methods are currently 
unable to include all possible causal links between adaptation and health outcomes. 
Further methodological developments might be needed. Concurrently, normative 
considerations color the discussion about adaptation implementation: should we 
implement adaptation without knowing if and how it works? Could it be ill-advised to 
wait for conclusive research results, considering that extreme heat is already causing 
excess mortality? These questions relate to the policy implications of the review results.  
 
Referring these results to the dissertation’s theoretical foundations, vulnerability in 
these studies is expressed through the specified target group of older people. The 
examined studies acknowledged place-based risk profiles through mention of urban 
heat island effects. Yet, none of the studies employed a theoretical framework on how 
adaptation could influence these vulnerability factors. How adaptation options were 
chosen for specific locations was not inquired in the studies. All in all, the current state 
of effectiveness research is situated in observed changes and formulation of 
effectiveness hypotheses. Societal implications of theoretical assumptions about 
adaptation, health and evaluation problem links were not a subject of inquiry in the 
reviewed studies.   
 
Results showed no conclusive answer to the first research question on effectiveness of 
adaptation, using heat adaptation as an example. The strong hints at declining 
sensitivity cannot be attributed directly to specific adaptation options. Thus the 
following studies explore research question two: how should we approach adaptation 
evaluation, and what could an alternative evaluation framework look like? 
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5.1.1 Outlook: strengthening time series studies through analysis of alternative 
hypotheses 
The systematic review results show the difficulties associated with assessing the effects 
of adaptation on health through epidemiological study designs. To test a potential 
solution to these difficulties, in a collaborative research project conducted in the 
summer of 2013 the standard time series design was expanded to include the testing of 
alternative hypotheses (Boeckmann et al. 2015). Air conditioning prevalence was 
introduced as a possible alternative explanation for declining heat-related sensitivity 
(Bobb et al. 2014), and we additionally controlled for socioeconomic conditions at the 
prefectural level measured through average annual income, average savings, and Gini 
coefficients, as well as number of physicians per capita. Results showed an inverse risk 
relationship between cardiovascular mortality and air conditioning prevalence: 
prefectures with larger increases in air conditioning prevalence showed a smaller 
reduction in heat-related mortality during the examined summers. Similarly, prefectures 
with more physicians per capita presented lower reductions in heat-related summer 
mortality. These results suggest that neither air conditioning nor access to physicians 
can explain the long-term reductions in heat-related mortality in Japan.    
 
An explicit analysis of alternative hypotheses in climate change related health research 
could help researchers better validate their time series results on morbidity and 
mortality developments under climate change. Such an approach could also ameliorate 
issues with establishing causality.       
 
5.2 Evaluating risk factor changes: tick distribution modeling in Europe  
Climate change adaptation aims at reducing risks and vulnerability to these risks. 
Current and future distribution of disease vectors is such a dynamic risk factor, assessed 
in our study on the impacts of rises in average temperature and risk of expanding 
suitable Ixodes ricinus tick habitats in Europe (Boeckmann & Joyner 2014). The GARP 
model estimated a current range of suitable habitats mostly in the northern regions of 
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Europe, in the United Kingdom, Ireland, the Netherlands, Belgium, and Denmark. Large 
areas of Sweden, Norway, Germany, and France also provide suitable habitats for I. 
ricinus ticks under the current climate. Less likely habitats (indicated through lower 
model agreement) were Spain, Italy, Austria, Croatia, the Czech Republic, Baltics, and 
Finland. In Southern Europe, high habitat suitability was modeled for mountainous 
regions such as the Alps of Switzerland, Austria, and northern Italy as well as the 
Pyrenees of northern Spain and southern France.   
 
Results showed an overall expansion of potential I. ricinus habitats in Europe of 3.8%, 
from coverage of suitable niches of 24.2% of the modeled area to 28% of the modeled 
area under the A2 storyline. Consistently high possible concentration was projected for 
already high-risk areas for vector-borne disease contraction in Central Europe and the 
Southern regions of the Nordic countries were projected. Generally, risk factor changes 
will be strongly place-dependent: Norway, Sweden, Finland, Estonia, Latvia, Lithuania, 
Belarus, and Denmark are expected to experience areas of expansion, whereas Croatia, 
Italy, France, Spain, and Germany are expected to experience areas of contraction.  
 
Our study showed that adaptation to tick-borne diseases could focus on increased 
efforts to reduce current risks of vector-borne diseases. In this case, evaluating risk 
profile changes of a region within a short timeframe, as opposed to decade-long 
projects, might also prove useful. These results suggest that investing in improving 
current health systems and reducing existing risk environments of climate-sensitive 
diseases while simultaneously creating robust projections might be a feasible adaptation 
approach. If using open source software and data as we have done here, such a strategy 
could be applied in lower income contexts as well. This might also facilitate prioritization 
of adaptation in times of austerity. 
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5.3 Evaluating adaptation policy  
In Boeckmann & Zeeb (2014), we assessed 21 European national adaptation strategy 
documents from 19 countries (three documents from the UK) and ranked these 
strategies against a social justice framework. Climate change impacts on health were 
recognized by all strategies, with heat and extreme weather events playing the largest 
role. Vector-borne diseases, food-borne diseases, or water-borne infections were 
mentioned in 86% of the documents, followed by changes in aeroallergen distribution 
and exacerbation of air pollution (57% each), an increase in UV radiation exposure 
(29%), mold development in houses (24%), food security (14%), and mental health 
issues (10%).  
We defined four types of adaptation based on suggestions by Balbus et al. (1998):  
1. Data and surveillance 
2. Technological adaptation, including emergency plans and warning systems 
3. Behavioral adaptation and awareness raising 
4. Infrastructural adaptation.  
Within the European documents, the most frequently recommended adaptation type 
was awareness raising and education programs (18 documents), followed by the 
technological adaptation and data/surveillance categories with 76% each. Infrastructural 
and engineering adaptation was mentioned in 14 documents. Germany, Denmark, 
Hungary, and Turkey advocate vaccine development for emerging infectious diseases. 
Health sector financing was proposed by Lithuania, and the Czech Republic suggested 
legislative changes at European and national level.  
 
Ranked against the social justice and adaptation framework, Austria, England and 
Sweden received the highest scores with 6.4 points each. Six strategies ranked in second 
place, namely Belgium, Czech Republic, France, Germany, Norway, and Turkey. Wales 
ranked low with 2.9 points despite its commitment to social justice because the 
document suggested fewer adaptation types and excluded structural adaptation. 
Themes on values identified in the six subgroup documents from Finland, England, 
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Sweden, Wales, Greece and Austria showed that a) risks were perceived as 
contradictory, b) technology was viewed as savior, c) responsibilities needed to be 
negotiated, and d) social justice was advocated by only a few countries. 
 
Our qualitative assessment showed that in European adaptation planning, progress 
could still be made through community involvement into adaptation decisions, 
consistent consideration of social and demographic determinants as well as a stronger 
link between infrastructural adaptation and the health sector. Additionally, the policy 
analysis also showed a political opportunity to target structural deficiencies: several 
strategy documents, including from Wales and Austria, expressed a desire to reduce 
social inequities, including gender inequities.  
 
Regarding the research question, the policy analysis results suggest evaluating through a 
social justice framework as a useful tool. Acknowledging the social and cultural 
determinants of health that are additionally impacted by climate change, the approach 
aligns with the normative imperative of Public Health to protect health and strengthen 
social justice.  
 
5.4 Exploring the health context: evaluating adaptation on the ground 
Overall, the exploratory Japanese case study of local practices in three prefectures 
revealed discrepancies between the state of heat adaptation and the state of climate 
change adaptation more broadly. While heat adaptation is firmly established, these 
actions are not necessarily conceptualized as climate change adaptation. This makes an 
assessment of the actual measures implemented more difficult. Issues that arose during 
the interviews were challenges to adaptation from lack of funding and prioritization 
after the earthquake, tsunami and nuclear incident at Fukushima, and the responsibility 
for adaptation measures fragmented across departments and institutions. Evaluation of 
adaptation occurs irregularly and is perceived as scientifically challenging.  
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The state of heat adaptation at the local level is characterized by a strong focus on 
behavior change and awareness raising campaigns (I3:406; I2:556)6 that include text 
message services (I1:1565), website downloads (I2:1061), print media and leaflets 
(I1:523; I3:38), but also local TV channel transmissions (I2:1644; I3: 330; I3:461). 
Vulnerability to adverse health effects of heat is discursively constructed to apply mainly 
to older persons, to a lesser extent also to construction workers and school children 
during physical education classes (I2:1328; I3:1994).  
 
Structural adaptation through the provision of access to cooled public spaces was 
mentioned in two interviews in two prefectures (I3:58; I3:881; I2:1691), and incentives 
to increase green and white roofs of newly erected high-rise buildings were 
implemented in one of the three prefectures (I1:1490). Of high interest is the 
involvement of the civil society in adaptation efforts. Respondents mentioned volunteer 
social workers, Minseii-in, who visit older people at home during extreme heat events 
(I2:981; I2:577).  
 
The situational analysis revealed that non-human actants and collective human actors 
outnumber individual actors: this embeddedness in a larger context beyond individuals’ 
agencies could give valuable insights into how adaptation choices must be negotiated at 
the local level.  
 
While a number of heat adaptation measures have been implemented, respondents 
admitted that funding was a major barrier to extensive prevention campaigns. In 
interview two, the interviewees described how they previously gave out cooling towels 
and “heat stroke measure items”7 but had to cease doing so for lack of funding (I3:387, 
see also I2:547; I2:862 for discussion of budget). The 2011 Great East Japan Earthquake 
                                                                
6 The given numbers refer to the start line of a coding as assigned by MaxQDA software and can be 
retrieved in the list of codings provided in the appendix.  
7 These heat stroke measure items combine thermometer and hygrometer: An alarm sounds if thermal 
conditions could lead to heat stress. They are for sale at popular Japanese chain stores such as Tokyu 
Hands or in electronics shops (I3: 585). 
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and Tsunami, together with political changes, play an important role in prioritization and 
risk perception, as one respondent described: 
We got a very bad earthquake two years ago, and last year government 
changed. So when we started this project, […] atmosphere of the people is 
called forecast to climate change issue. But after earthquake [the] 
atmosphere is completely changed, and after governor change, so this 
[project] finished but our adaptation activity is stuck now (I1:168; see also 
I2:881). 
Hierarchies and communication channels are an additional challenge to adaptation, as a 
larger number of stakeholders might (re-)assign their responsibilities throughout the 
adaptation process (I1:771; I3:477; I4:673).  
 
Finally, evaluation of adaptation measures was unanimously perceived as difficult and 
not a standard practice. For heat-related morbidity and mortality, ambulance transports 
of heat stroke patients and heat stroke deaths counts are the two main indicators used 
(I2:841; I3:311; I3:555). However, no feedback loops between information on 
developments of these indicators and (additional) adaptation activities were reported. 
Potentially useful could be a reporting system for green roofs on buildings (I1:955). 
Further details on the issues discussed in the interviews and selected situational maps 
can be accessed in the article manuscript (Boeckmann 2015a).  
 
5.5 An alternative evaluation option: reframing effectiveness 
Results from the studies described above suggest that a number of methodological 
challenges associated with determining the effects of climate change adaptation on 
health. Our policy analysis revealed how applying a social justice framework can help 
evaluate adaptation policy. Taking this approach a step further, a theoretical framework 
for adaptation evaluation was developed that works with a proxy: instead of trying to 
assess the direct health outcomes of an adaptation measure, assessing the effects of 
adaptation on determinants of health through a set of seven domains is proposed (see 
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Boeckmann 2015b for illustration of the framework). The framework is not intended to 
replace empirical analysis, but rather to inform it. 
 
Based on previous research into vulnerability (Cutter et al. 2014; Napier et al. 2014), the 
framework stresses the importance of broader social, cultural, and environmental 
determinants of health that are all affected by climate change, and in turn all affect 
health outcomes. Current adaptation research focuses on capturing the associations 
between adaptation and health outcomes directly. In light of the previously described 
black box of context, however, I argue that the complexity of climate change and the 
multiple paths between adaptation and health are better assessed through the proxy of 
contextual determinants of health. In addition, prioritizing changes to determinants that 
put health at risk regardless of climate change impacts can contribute to social justice, 
as these determinants are unequally distributed within populations and societies 
(Marmot et al. 2012).  
 
The framework is intended to be used by researchers and policymakers. It can serve as a 
template for conceptualization of the associative paths between sectors, health 
determinants, and adaptation designs. Drawing from previous research into climate 
justice (Bulkeley et al. 2014) and into the importance of social aspects to Public Health 
(Marmot et al. 2012), the framework positions climate adaptation evaluation in a well-
researched field, thus alleviating the difficulties arising from the novelty and complexity 
of climate change research.   
 
The domains can be operationalized through choice of relevant indicators. Selected 
indicators to illustrate the seven domains are presented in (Boeckmann 2015b). As an 
additional strength of the framework the chosen domains allow users to set different 
foci. The roles of gender and diversity can thus also be included in the analysis, in line 
with the climate justice approach of this framework. As such, the framework is a useful 
concept to complement the empirical search for better evaluation methods and is an 
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example of what an alternative evaluation framework could resemble. Further research 
is needed to test this framework in evaluation of actual adaptation projects.  
 
In answer to the research question, the framework suggests evaluating the role of 
adaptation in reduction of systemic disadvantages and situation-specific health risk 
determinants.  
 
6 Discussion: in search of solutions to the evaluation problem 
As stated in the background chapter, climate change adaptation has been described as a 
“wicked problem,” referring to a systemic, imperfectly understood challenge without 
simple solutions (Feliciano & Berkhout 2013). The phenomenon’s complexity and its 
context-specificity render it unsuitable for a “one size fits all” approach. Traditional 
epidemiological methods are currently unable to provide conclusive answers. A second 
challenge to evaluation of adaptation policy is its novelty and ambition: the same newly 
generated data are used simultaneously to learn more about climate change and to 
make decisions on mitigation and adaptation (Hansson 2012). This proves problematic, 
as the same process of generating scientific evidence is also used to generate practical 
applications, giving little room for error.  
 
Despite these difficulties, this research project led to a better understanding of 
adaptation evaluation options. I conceptualized adaptation evaluation as a problem, 
highlighted what makes it a problem (Boeckmann & Rohn 2014; Boeckmann 2015a; 
Boeckmann 2015b), and suggested possible solutions (Boeckmann & Zeeb 2014; 
Boeckmann 2015a; Boeckmann 2015b; Boeckmann & Joyner 2014).  
 
Based on these individual results, two overarching potential solution paths to the 
adaptation evaluation conundrum emerged: one methods-based solution and one 
theory-based. Following a discussion on strengths and challenges of the tools employed 
in this dissertation, I finally position my work in relation to further research needs and 
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policy implications. 
 
6.1 A methods-based solution?  
Two approaches are currently standard in epidemiological research on climate change: 
projecting future climate variables and expected impacts (World Health Organization 
2014b), and conducting time series studies on historical data (Boeckmann & Rohn 2014). 
Early on in the research process, the systematic review showed that standard 
epidemiological methods to assess effectiveness reach limits with climate change and 
heat adaptation in particular. Reasons for this lie mainly with the absence of controls 
and the large number of confounding variables. As an outlook to other, possibly more 
useful study designs, I described a collaborative research project I conducted with 
Japanese researchers on long-term mortality and temperature developments in 
Japanese prefectures. In this project, air conditioning prevalence was tested as an 
alternative hypothesis for excess mortality reductions during extreme heat events. 
Including analyses of additional possible causes for morbidity or mortality in 
epidemiological climate change studies could help to increase validity of results, and 
subsequently increase our understanding of causal relationships between climate and 
human health. At this point, however, these approaches are not yet sufficiently 
developed or employed to be viewed as a standard.      
 
Regarding projections of future climate change impacts on health, the assumptions 
underlying these projections need to be critically assessed. Specifically, the SSPs 
developed by IPCC researchers rely on a process of determining what is judged as likely 
and plausible. A different IPCC expert panel could have led to different assumptions of 
these SSPs. This need not be problematic if a reflective stance is taken towards both 
quantitative and qualitative projections: researchers need to be aware that even robust 
scenarios have limitations in accuracy, predictability, and relevance.  
 
A third issue in climate change and health research methodology are the high standards 
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of what counts as effectiveness evidence in EBPH (Sackett et al. 1996). In the 
epidemiologic paradigm, the hierarchy of evidence begins with randomized controlled 
trials and ends with case study reports (Sackett et al. 1996). Yet these designs have 
difficulties capturing the black boxes of context that play a vital role in climate change 
adaptation. In general, the more complex an intervention, the less conducive it becomes 
to experiments (Abeysinghe & Parkhurst 2013).  Rychetnik et al. (2002:119) describe 
evidence in Public Health research as the “interpretation of empirical data derived from 
formal research or systematic investigations, using any type of science or social science 
methods.” Their definition is suited towards emerging problems and emerging methods 
to tackle these problems. In general, epidemiological evidence establishes “general or 
population-level causal links” (Broadbent, 2011a: 238); the field’s methods are unable to 
prove specific causation. This holds true for all etiological knowledge derived from 
epidemiological studies (Rothman et al. 2008), and means that methods are unlikely or 
even unable to prove if an individual’s illness is caused by a climatic influence 
(Broadbent 2011a).   
 
6.1.1 Alternative methods for evaluation: learning from structural intervention 
approaches 
How could alternative methods alleviate these three outlined challenges? My results 
propose to include policy analysis methods (described in Boeckmann & Zeeb 2014), to 
employ mixed methods approaches to map the context of adaptation, to analyze effects 
of adaptation on social, cultural, and environmental determinants of health as a proxy 
for direct health outcomes (described in Boeckmann 2015b), and to strengthen 
adaptation to current health risks, such as current infectious disease vector distribution 
(described in Boeckmann & Joyner 2014).  When abstracted to an overarching formula, 
my findings suggest borrowing from the methods used in complex structural Public 
Health interventions. 
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6.1.1.1 Adaptation as complex prevention 
Considering the overlap between health-related climate change adaptation and complex 
Public Health interventions (Datta & Petticrew 2013), tools borrowed from design and 
evaluation of structural prevention might be helpful. In contrast to programs focusing 
on individuals’ behavior, structural Public Health interventions seek to alter the 
contextual and environmental factors that influence risk, risk behavior, and 
determinants of health (Blankenship et al. 2006). Such factors include social, economic, 
political, and physical environments (Blankenship et al. 2006). Referring back to place-
based vulnerability and adaptation embedded in complex societal and environmental 
processes, such structural efforts could link determinants of adaptation to determinants 
of health.  Drawing from unrelated policy interventions, such as food taxation (Thow et 
al. 2014), might be helpful.   
 
Infrastructural and technological adaptation already rely more on environmental factors 
than individual behavioral change: using structural interventions tailored to the health 
effects of place-based vulnerability to climate change could further strengthen this 
approach. Similar to climate change adaptation, evaluation of structural interventions is 
often problematic as it must account for multiple pathways and determinants, long 
timeframes from implementation to visible outcomes, cross-sectoral actors, context, 
and complexity (Pronyk et al. 2013). Randomization as favored by evidence-based 
medicine and to some extent by Public Health is equally difficult in structural 
intervention and adaptation for ethical, political, and practical reasons (Pronyk et al. 
2013). As a solution, application of mixed methods has been proposed, and various 
adjustments to existing evaluation methods have been suggested (Pronyk et al. 2013). 
Pronyk et al. (2013) give an overview of possible structural intervention evaluation 
methods. Among these, implementation research, qualitative approaches, and context 
mapping are of high interest as these are creative suggestions for a complex problem.  
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6.1.1.2 An evaluation method portfolio: implementation research, qualitative 
approaches, and context mapping 
First, implementation research acknowledges the high degree of uncertainty about 
adaptation effects. Its exploratory approach allows evaluators to ask “how” rather than 
“if” an adaptation measure can protect human health. As previously argued in the 
background and theory chapters, the black box of context and the complex paths 
between climate change, adaptation, and health outcomes create the evaluation 
problem. Thus asking exploratory questions at this point is a feasible solution to tackling 
evaluation. While process evaluation is not a new suggestion for climate change 
adaptation (Ford et al. 2013; Wardekker et al. 2012; Dupuis & Biesbroek 2013), I 
propose focusing research methodology on understanding the paths between climate 
change impacts and the contextual environmental determinants of health, and on how 
adaptation can target specific factors creating place-based vulnerability. Knowledge 
generated could then be applied to additional evaluation designs.  
 
Second, adding a qualitative component to the strong epidemiological tradition in 
climate and health outcomes research could help make sense of how changes in climate 
influence risk perception among policymakers and planners, and health behaviors 
among vulnerable populations. This requires a rethinking of the concept of effectiveness 
in Public Health as well, as discussed in further detail under theoretical solution paths: 
community efforts to amend structures or changed regulations might have to be 
considered as outcomes. One example worthy of further exploration are the Japanese 
volunteers (Minseii-in) visiting elderly people at home to reduce their risk of heat stress 
and heat stroke, as identified in the situational analysis results. How could such a 
cultural practice be evaluated as part of climate change adaptation evaluation? Involve-
ment of civil society is currently not a variable generally included in the evaluation of 
health-related adaptation.  
 
Finally, Pronyk et al.’s (2013) context mapping approach could be used to hypothesize 
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adaptation effects on human health and to select aspects for evaluation most likely 
related to vulnerability. The Japanese case study revealed how local context determines 
priorities and shapes adaptive response. Context mapping includes a wide range of tools 
from qualitative and quantitative research, such as stakeholder interviews, geographical 
mapping, document analyses, and observation (see Pronyk et al. 2013 for more 
examples). This method is useful for targeting one of the problematic aspects of 
adaptation evaluation, the contextual complexity, and might profit from being 
combined with complex intervention evaluation tools (Datta & Petticrew 2013).   
 
6.1.2 Summary: useful methodological approaches to adaptation evaluation 
The methods portfolio employed in this dissertation can be seen as both method and 
outcome. As an outcome, they show that a) tackling a complex problem such as 
adaptation evaluation requires multi-faceted tools, and b) for emerging problems, 
experimenting with methods is a valid approach.  
 
Based on my findings, a number of approaches may strengthen our response to the 
evaluation problem. Suggested approaches include: 
? Mixed methods approaches with strong qualitative components to capture 
complexity, from high quality projections to stakeholder elicitation.  
? Assess feasibility of structural Public Health intervention tools for the design, 
implementation and evaluation of heat adaptation. 
? Clearly define the context of the adaptation.  
? Identify suitable controls to use as counterfactuals in study design. 
? Always analyze alternative hypotheses for climate-related health impacts. 
? Focus on the current state of risk and vulnerability. 
? Apply theoretical frameworks to adaptation design and evaluation. 
 
Additional considerations: 
? The role of risk perception among stakeholders. 
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? Learning from natural experiments as methodology (Dinshaw et al. 2014; 
Banerjee & Duflo 2011). 
 
The results of this dissertation suggest adding a stronger qualitative component to 
Public Health and climate change research. If using mixed methods, making the 
qualitative methods not the add-on, but truly integrating the two and giving them equal 
weight is of high importance. Context mapping seems particularly promising to capture 
the realities of places, climatic risks, and adaptation. These qualitative approaches could 
be combined with a “theory of change” to gain a better understanding of how the 
mechanisms of adaptation might lead to effects (Dinshaw et al. 2014).   
 
6.2 A solution beyond methods: health in all adaptation policies, and 
transformation towards a climate just, healthy society  
Methods to assess adaptation are useful tools, yet choice of these tools should be 
driven by a solid theoretical understanding of how adaptation is expected to influence 
health outcomes. Theory-based frameworks can assist these choices. Currently, 
contextual factors in climate change adaptation and health are not comprehensively 
understood. While increasing our efforts in conceptualizing the multiple pathways that 
matter to context and complexity of adaptation is mandatory, a normative approach to 
adaptation could be considered as well. This would entail a commitment to measuring 
and reducing inequities not only in policies, but also as integral part of evaluation. 
 
6.2.1 Reframing effectiveness 
One option to reframe adaptation evaluation is to reframe the concept of effectiveness 
in this specific context (Boeckmann 2015b). Instead of assessing direct impacts of 
adaptation on health outcomes, I propose using a proxy of adaptation impacts on social, 
cultural and environmental determinants of health. Such a framework can help 
circumnavigate the methodological challenges associated with identifying causal 
relationships between adaptation and specific outcomes. This framework additionally 
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strengthens awareness of the contexts adaptation is embedded in, which is less often 
included in evaluation designs. These contextual determinants of health inequity and 
injustice might be exacerbated by climate change. The new theoretical framework 
rethinks effectiveness as successful reduction of health risks and systemic disadvan-
tages, in line with concepts of place-based vulnerability and social justice. Such an 
approach might be promising, as rights- based adaptation has previously been sug-
gested (Ensor et al. 2015), but has not yet been explicitly connected to health.    
 
6.2.2 Transformation  
A second option might be to consider the risks and potentials of moving beyond 
incremental adaptation to both “health in all adaptation policies” and to 
transformational strategies (O’Brien 2011), and to put environmental and health justice 
at the center. Incremental adaptation describes add-ons to current practice without 
fundamentally rethinking goals of adaptation and its societal determinants (Kates et al. 
2012). Applied to Public Health, transformational adaptation implies an alternative 
option: to seek opportunities to re-examine how Public Health is currently shaped by 
social, cultural, and environmental determinants, and to target broader structures 
rather than individual adaptation measures. Effectiveness in this design could also 
mean: effective at reducing current health inequities to minimize the risk of future 
exacerbation of these inequities. Such an approach is in line with experts’ 
recommendation to strengthen current health systems as a prerequisite for successful 
adaptation (Smith et al. 2014; Bowen et al. 2014). In addition, targeting current place-
based vulnerabilities could enable transformational public policy beyond the health 
sector. Transformation could be attempted by a “health in all adaptation policies” 
approach, drawing from experiences implementing the general health in all policies 
approach. Adaptation could equally be considered in health policies to stress the all-
encompassing nature of climate and its risks, what one interview subject in the Japan 
case study called “adaptation mainstreaming” (Boeckmann 2015a). These conceptual 
frameworks focus on determinants of health rather than on outcomes. In the future, 
71 
both aspects are ideally combined in a “complete” framework that aims to both 
understand context and complexity, and to measure relevant effects of these 
determinants.   
 
6.2.3 Health in all adaptation policies 
In the European Union, “health in all policies” (HiAP)  is already required for all EU policy 
(European Commission DG Health & Consumers 2014), and efforts to increase 
commitments at national (World Health Organization 2014a) and local levels (Corburn et 
al. 2014) are being made. Applying health in all adaptation policy and adaptation in all 
health policy could be a climate-smart move. Gostin & Powers (2006) indicate that 
Public Health is driven by two related ethical principles: “to advance human well-being 
by improving health and to do so by focusing on the needs of the most disadvantaged” 
(Gostin & Powers 2006:1054). Based on this premise, my theoretical framework for 
adaptation evaluation asserts that through alleviating current inequities, the 
subsequently ameliorated social, cultural, and environmental determinants of health 
can contribute to health protection under a changing climate. As such it might be a 
powerful interim solution until effectiveness of adaptation can be established with 
innovative methods. This approach is also linked to adaptation mainstreaming, as 
described in the Japanese interview study. Important actors tasked with improving 
evaluation methods and theories include the health sector, and environmental and 
urban planners, but also activists, civil society organizations, actors of the global 
policymaking sphere, and scientists working on interdisciplinary solutions. The proposed 
framework outlined cultural and social determinants of health as main aspects to link to 
climate change adaptation. Actors involved in any of the cultural, social, and 
environmental spheres play a role in health-focused adaptation as well.   
 
Caveats to consider with this broad approach are potential adverse effects of Public 
Health interventions. While health co-benefits of climate mitigation strategies have 
been appraised (West et al. 2013; Thurston 2013; Haines et al. 2009), information on 
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possible risks of mitigation and adaptation remains scarce (Cheng & Berry 2013; Lorenc 
& Oliver 2014). An ethics appraisal of structural Public Health interventions and policies 
might be needed to estimate the risks of unwanted negative effects, as has also been 
proposed for “intervention-generated inequalities” (Lorenc et al. 2013). The term 
denotes the possibility that well-intended interventions may exacerbate inequalities 
between groups or individuals. This is particularly relevant in situations where the 
mechanisms of cause and effect are not yet fully explored, as is the case in climate 
change adaptation and health research. Additionally, the question of who is “allowed” 
to reframe the concept and measurements of effectiveness for what purpose needs to 
be considered as this flexibility could come at the expense of rigor and scientific 
integrity.  
 
6.3 Contributions and limitations 
6.3.1 Mixed methods and mixed philosophies 
The individual empirical studies employed a number of theories from interdisciplinary 
backgrounds. These included climate change adaptation, public policy, human geo-
graphy, philosophy of science, anthropology, and Public Health. Choosing appropriate 
contributions from each allowed me to better understand the complex problem of 
adaptation evaluation.  At the same time, the pluralism of both methods and theories in 
this work meant sacrificing some specificity. I prioritized multiple perspectives on the 
problem of evaluation over an in-depth analysis of one approach. As climate change is a 
recent, “wicked” and contextually embedded health problem, exploration is warranted 
to recognize the shape and scope of climate change in Public Health research, and to 
pragmatically use “what works.” A combined mixed methods approach with room for 
qualitative inquiry lends itself to the multifaceted philosophical and empirical questions 
the issue raises. Thus the methodological variety in this dissertation is both method and 
outcome. 
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6.3.2 Methodological contributions 
This work explored evaluation through four different angles. The results of risk factor 
and policy evaluation, of exploratory case study, and of framework conceptualization all 
contribute to the solution portfolio outlined above. Three particularly interesting and 
useful methodological contributions resulted from this dissertation: 
1) Assessing policy with a social justice framework and discourse analysis. 
2) Exploratory case study including interviews, documents and observation. 
3) Use of open source software and data for risk factor changes evaluation. 
Public Health research into adaptation can profit from examining policy, as adaptation 
policy shapes the structures of health protection arenas. Critical policy appraisal 
methods can help widen the range of Public Health methods. The exploratory case study 
showed that various types of samples, such as interviews, document analysis, and 
ethnographic approaches are valuable contributions to a better understanding of 
reasons, perceptions, and contexts. Finally, using open source data and software makes 
this research replicable in lower income contexts, a contribution to a more equitable 
academic practice.  
 
6.3.3 Theoretical contributions 
This work’s theoretical contributions include a new, theory-based adaptation evaluation 
framework, a strengthened link between climate justice and Public Health, and an 
additional definition of effectiveness as inequity reduction in the context of health and 
climate change adaptation. The theory-based framework on inequity-producing 
determinants of health and their role in assessing climate adaptation could be helpful as 
it does not require novel indicators. Instead, it focuses on known determinants.  By 
combining cultural and social vulnerability domains with a transformational mandate, 
social justice could be promoted and vulnerabilities decreased.  
My results stress the usefulness of a stronger commitment to include context and place 
in each adaptation assessment. The “adaptation paradox” (Ayers 2011) of this global 
problem with local impacts cannot be targeted without explicit analysis of the place in 
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individual evaluation projects.   
 
6.3.4 Limitations  
6.3.4.1 Limits to the methods 
Several limitations need to be addressed. These are discussed in more detail in the 
individual article manuscripts. In brief, the following aspects need to be considered: 
 
Qualitative interview study 
The interview study focused on expert elicitation. Different interview partners could 
have led to different estimates of adaptation and evaluation priorities.  
Additionally, the case study sample of interviewees, documents and observation memos 
was fairly small. Interview data were generated with the help of interpreters, external 
transcribers and translators: some aspects of the process were likely lost in translation. 
This is an issue in all transcultural research (Temple & Young 2004), and has been 
reflected thoroughly in the article together with issues of being a non-Japanese female 
researcher in a predominantly male work environment (Boeckmann 2015a).  
 
Vector study 
We projected future tick distribution based on one climate change scenario. Alternative 
scenarios could have presented a distinct risk profile for Europe. Similarly, a different 
dataset would have predicted different distribution patterns, as recent developments 
illustrate (Rubel et al. 2014; Estrada-Peña et al. 2014). Additionally, future models may 
consider different environmental variables as they relate to tick habitat suitability 
(Estrada-Peña et al. 2014). 
 
Policy analysis 
The policy analysis focused predominantly on Western and Northern European 
documents, as the data source lacked in full translated versions of strategies from most 
Eastern European countries. This may have biased the picture of adaptation planning in 
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Europe. However, bias is unlikely as the state of adaptation overall was at an early level, 
in these European strategies and in the Japanese sample. This early stage of 
implementation has also been reported for other countries (Austin et al. 2015; 
Lesnikowski et al. 2013). 
 
Systematic review 
The diverse study types included in the systematic review precluded a meta-analysis.  
 
6.3.4.2 Limits to theory 
The theoretical framework presented here has not yet been tested.  Additionally, this 
framework is interdisciplinary in nature and not native to the discipline of Public Health. 
While this research only examined planned adaptation, biological adaptation could be 
an interesting phenomenon to study in the future. This work also broadly examined 
several climate impacts rather than a single one in depth, although heat and vector-
borne infections played a major role.  
 
6.4 Implications for further research 
Several issues deserve further attention. First, the theoretical framework for justice and 
health-related adaptation evaluation could be compared and tested against different 
frameworks, such as the EBPH framework. A better understanding of alternative 
theories to explain the pathways between climate, adaptation, and health can support 
future adaptation design and evaluation. 
 
Longitudinal studies on specific adaptation measures from inception to outcome and 
impact evaluation would be valuable but resource intensive. Consistent funding of 
research is necessary to allow such study designs in the field of climate change and 
health.  
 
To better understand vulnerability to risks, directly involving people deemed at risk 
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through participatory designs is another possible future research project. Action 
research or participatory research studies would lend themselves to projects on health 
effects and climate justice. This could be particularly interesting within a multisite study 
to compare risk perception, behavioral change, and structural human - environment 
interaction. For instance, the Japanese case study could be repeated and enhanced in a 
different country, or expanded to more regions within Japan and complemented by a 
quantitative survey. Combined with rigorous context mapping, such an add-on to this 
research could contribute to new insights into the contextual determinants of 
adaptation decision-making and adaptation success. 
 
Two additional research areas are of high interest for future projects. First, the role of 
sex and gender in climate change-related vulnerability has so far only been assessed in 
the context of extreme weather disasters. Broadening the field to examine how "doing 
gender" relates to climate change perception, environmental health outcomes, and 
processes of participation in adaptation could help create appropriate adaptation and 
evaluation. This is of particular relevance as gender has often been associated with 
higher risk profiles in lower income countries (Preet et al. 2010; World Health 
Organization 2011). Since the elderly have been classified as a vulnerable population, 
and a high percentage of older persons are female, a higher propensity for harm might 
occur regardless of location. Additionally, women earn less than their male-identified 
colleagues in higher income countries, too: income inequities influence social 
vulnerability. These factors all suggest a gender dimension to adaptation that might be 
relevant for evaluation. As not only gender and income, but also ethnicity, (dis)abilities, 
religion, and other aspects likely influence effectiveness of interventions, including 
intersectionality more deliberately into analyses could be useful. The theoretical 
framework paves the road for these variables through its diverse domains. Further 
research is necessary to explore hypotheses such as: will there be additional vulnerable 
groups not yet identified? Could adaptation itself lead to increased vulnerabilities? How 
will future interactions between populations and the environment shape health risks of 
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places?  
 
Secondly, uncertainties associated with climate change continue to challenge 
researchers. The question need not necessarily be how to get rid of all uncertainties; 
this goal is far from being attainable. One alternative question could address how to 
deal with and how to understand the remaining uncertainties. Uncertainties could be 
quantified (Falloon et al. 2014; Wilby & Dessai 2010; Gosling et al. 2011), or coped with, 
pragmatically and less scientifically, through precaution, avoidance, or faith (Boholm 
2003). Future research projects could assess the role each of these two strands: 
increasing knowledge about uncertainty, and how to practically deal with its presence in 
climate-related health behavior and outcomes.  
 
6.5 Implications for future adaptation policy 
Future adaptation policy could profit from application of theory-based adaptation 
frameworks. A clear hypothesis about the mechanisms between adaptation and health 
protection might increase success rates. Adding to these individual adaptation 
measures, as outlined it might be advisable to strengthen the “health in all adaptation 
policies” approach (Patrick et al. 2012). This should apply to all sectors, not only the 
health sector. Such an approach would be based on a precautionary principle and 
requires careful assessment of possible adverse effects of the adaptation measures 
themselves. If benefits of these measures are expected to exceed their potential 
negative effects, such a precautionary approach could contribute to health protection 
despite the previously mentioned uncertainties.    
 
Most importantly, critical engagement with the role of social and climate justice within 
the health and adaptation nexus should be one task of future adaptation policy-making. 
Despite the challenges repeatedly discussed in this dissertation, these global changes do 
have an upside. They have started a discourse about societal transformation. As most 
adaptation efforts are new, they are still in a position to be shaped. Trans-sectoral 
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communication is necessary for adaptation regardless of political commitment: the 
opportunity to not only react to changes but also to proactively reduce current 
vulnerabilities to health risks could have positive effects on the health and well-being of 
both current and future populations.   
 
6.6 The future of climate change adaptation research? 
Overall, research into climate change and adaptation is central to a number of diverse 
disciplines. Strong frameworks such as the IPCC process, the international adaptation 
conferences, and WHO research on environment and health draw similar research 
interests together under the leadership of select senior researchers. The research 
community is small compared to other health research fields. One potential risk of this 
strong international leadership is a lack of giving space to contradictory voices: precisely 
because of the normative approach to climate mitigation and adaptation, critical 
research into adaptation itself is still rare and might be difficult to make public. So far, 
concerted efforts to include young researchers into the discussion have been lacking, 
but this seems to be changing. For instance, the adaptation network Programme 
of Research on Climate Change Vulnerability, Impacts and Adaptation (PROVIA)8, sup-
ported by the United Nations Environmental Program (UNEP), plans to introduce a 
young researcher fellowship program.  
 
Additionally, climate change and health offers a unique opportunity to proceed as the 
issue develops. Few research fields are as timely, international, and pressing as climate 
change and adaptation. A number of issues surrounding societal changes could be 
explored in the coming years. 
 
 
                                                                
8 http://www.unep.org/provia/ 
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7 Conclusions 
My mixed methods study critically assessed options for climate change adaptation 
evaluation within Public Health. This dissertation posed the two core questions a) 
whether climate change adaptation is effectively protecting human health, and b) how 
to approach the “problem” of adaptation evaluation. In answer to the research question 
on effectiveness, I found inconclusive evidence for the effectiveness of heat adaptation 
for two reasons: first, the systematic review, policy analysis and case study showed that 
adaptation as a cross-sectoral project is not always putting health at the center. Second, 
the review additionally revealed how standard epidemiological methods struggle with 
attributing effects to specific, individual adaptation measures. These results informed 
the answers found to my second research question on how to re-think evaluation. I 
suggested a multimethod approach and developed a theoretical framework for the 
inclusion of justice into evaluation. My work contributes to the literature on climate 
change and health by adding a meta-theory level to health-related adaptation. This 
dissertation’s results on effectiveness are in line with current knowledge on adaptation 
evaluation challenges (Bassil & Cole 2010; Bouzid et al. 2013). Applying climate justice 
and place-based vulnerability concepts to health-related adaptation evaluation suggests 
a new way of thinking about evaluation.  
 
These findings could be of interest to both the health and environmental protection 
practice communities, as my results recommend social justice and societal 
transformation as benchmarks for climate change adaptation. Policymakers might 
benefit from considering a “health in all adaptation policies” approach that incorporates 
the precautionary principle of adapting now for possible future risks.  
 
Further research ought to be conducted on alternative methods for adaptation assess-
ment in Public Health. To better understand the role of contextual factors in health-
focused climate change adaptation, context mapping could be a useful approach. My 
work suggests considering social, cultural and environmental determinants of health 
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from a social and climate justice perspective. Assessing the role for participatory 
research designs could prove beneficial.   
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Abstract
Background: Extreme heat is an important public health risk. Climate change will likely increase the temperatures
humans are exposed to through exacerbated heat wave intensity and frequency, possibly increasing health risks
from heat. To prevent adverse effects on human health, heat prevention plans and climate change adaptation
strategies are being implemented. But are these measures effectively reducing heat-related mortality and morbidity?
This study assesses the evidence base in 2014.
Methods: We conducted a systematic review of peer-reviewed published literature. We applied a combined search
strategy of automated search and journal content search using the electronic databases PubMed, Web of Knowledge,
Biological Abstracts, CAB Abstracts and ProQuest Dissertation & Theses A&I. Quality appraisal was conducted using CASP
checklists, and we identified recurrent themes in studies with content analysis methodology. We conducted sub-group
analyses for two types of studies: survey and interview research on behavioral change and perception, and
observational studies with regression.
Results: 30 articles were included in the review. The majority of studies (n = 17) assessed mortality or morbidity
reductions with regression analysis. Overall, the assessments report a reduction of adverse effects during extreme heat in
places where preventive measures have been implemented. Population perception and behavior change were assessed
in five studies, none of which had carried out a pre-test. Two themes emerged from the review: methodological
challenges are a major hindrance to rigorous evaluation, and what counts as proof of an effective reduction in
adverse health outcomes is disputed.
Conclusions: Attributing health outcomes to heat adaptation remains a challenge. Recent study designs are less
rigorous due to difficulties assigning the counterfactual. While sensitivity to heat is decreasing, the examined
studies provide inconclusive evidence on individual planned adaptation measures.
Keywords: Heat, Climate change, Effectiveness, Systematic review, Cardiovascular disease, Respiratory disease
Background
Extreme heat is a public health risk [1-3]. In 2013, 58.729
heat stroke diagnoses have been recorded for Japan [4],
for example, and the United States Centers for Disease
Control report an annual 659 cases (on average) of
heat-related deaths between 1999 and 2009 [5]. These
numbers are likely underestimated: as the physical
effects of heat primarily exacerbate underlying condi-
tions, diagnoses of death as heat-related are of varied
quality [6]. Data availability on heat stroke incidence
also depends on whether an emergency room or ambu-
lance call occurs, as well as on active collection of such
data. Heat increases the risk of dying of preexisting
cardiovascular disease [6]; and heat stroke may lead to
multiple organ failure [6-8]. Heat-related morbidity
and mortality are preventable. Older persons, people
taking medications that impair thermoregulation [6],
very young children, socially isolated elderly, and people
physically active outdoors during very hot periods have
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been identified as particularly at risk [9-12]. It has been
argued that populations residing in urban centers are
more vulnerable to heat events due to the urban heat
island effect and higher population density [13-17]. In
recent years additional concerns have arisen about a
contribution of global warming to an increased frequency
of extreme temperature events [18,19]. “Business as usual”
climate change scenarios estimate that the incidence of
heat events is likely to increase in the near future
[20,21]. As a result, it has been suggested that future
health risks from heat might increase [22-24]. In 2012,
extreme temperature events classified as disasters by
the WHO Collaborating Centre for Research on the
Epidemiology of Disasters - CRED occurred 51 times
worldwide, giving climatological disasters (temperature
events, droughts and wildfires) an overall share of 23.8%
of all 2012 disasters [25]. Recent severe heat waves
occurred in Europe and Russia in 2003, 2006 and 2010, in
the United States in 2012, in Australia in 2009 and 2013,
and in Japan in 2010 and 2013, among others [26,27].
Beyond these extreme cases, smaller scale heat waves
occur frequently and pose risks to human health. Heat
impacts on humans can be measured through thermal in-
dices [28]. Various methods to calculate a heat index exist,
and without adherence to a standard, comparability be-
tween measurements and studies is challenging [29,30].
With a changing climate, populations of large cities in
temperate regions, subtropical or tropical climates have
all been characterized as vulnerable to heat [3,31,32].
Further measures may be needed to continually protect
human health from adverse effects of heat on all conti-
nents. Adaptation to climate change has been defined as
a “process of adjustment to actual or expected climate
and its effects, in order to moderate harm or exploit
beneficial opportunities” [33]. In this study, we are par-
ticularly interested in intentional, planned adaptation.
While we have conflicting information on risk percep-
tion of heat among populations [11,34,35], older persons
have been characterized as especially susceptible to ill
effects of heat [36-38]. Heat warning systems have been
introduced as a prevention measure [39-41]. These
usually combine information from weather stations based
on a cutoff system with more or less targeted communica-
tion campaigns. Such heat warning systems can now be
found across the planet, usually at city level [42].
Despite increased interest in climate change and its
impacts, and a large number of heat prevention plans in
place in higher-income countries to protect human
health [39,43], we have hardly any conclusive evidence
on the effects of said adaptation measures [44]. Is
climate change adaptation to heat reducing heat stroke
incidence and heat-related mortality? This study uses a
systematic review design in an attempt to answer this
question.
Methods
We conducted a systematic literature review of peer-
reviewed published literature. The PRISMA checklist,
research protocol and the data extraction sheet can be
found in the supplementary material (Additional files 1, 2
and 3). The scope of our review was as follows:
Population: urban populations of all ages, sexes and
ethnic groups.
Intervention: Heat adaptation measures conducted in
an urban area.
Because heat adaptation aims at preventing adverse
health effects, we use the terms heat adaptation and heat
prevention interchangeably in this review.
Comparison: none (no adaptation).
Outcomes: impacts on heat-related morbidity and
mortality.
Context: International large urban centersa.
The following outcomes were of interest:
 Impacts measured as reduction in excess heat stroke
incidence, hospitalization for heat-related illness,
and cases of cardiovascular, respiratory and all-cause
mortality in extreme heat periods as compared to
previous heat periods.
 Effectiveness measured
1) as reduction in excess heat stroke incidence,
hospitalization for heat-related illness and cases
of cardiovascular, respiratory and all-cause
mortality, for which we accepted the proxy
indicator of health services use (emergency
medical care at facility or on ambulance; hospital
release diagnosis or physician’s diagnosis) for
heat stroke,
2) as heat island exposure reduction signaled through
changes in urban planning or taking up of heat
warning systems.
Search strategy
We applied a combined search strategy of automated
search and hand search of journals. Two researchers in-
dependently searched the electronic databases PubMed,
Web of Knowledge, Biological Abstracts, CAB Abstracts
and ProQuest Dissertation & Theses A&I.
We applied combinations of the search terms climat*,
heat, adapt*, compounds of climate change, adaptation,
adapting, heat wave, extreme heat, heat island combined
with evaluat*, effect* and exposure in the automated
searchesb.
Search strings had been pre-tested during a mapping
review.
Additionally, both researchers manually searched the
journals Climatic Change and International Journal of
Climate Change Strategies and Management to increase
our chances of finding articles that focus on evaluating
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adaptation strategies from a management or urban plan-
ning perspective.
Ancillary search procedures included checking the
reference lists of identified primary studies as well as
asking three leading international researchers for sug-
gestions and works in progress.
Selection criteria
The following inclusion and exclusion criteria were applied:
Inclusion
Must include adaptation specifically for heat. All languages
as long as an English abstract is available. Only reviews and
original research articles as well as books or published na-
tional and international reports (defined as having an ISBN
number). Must include at least one human health outcome,
or health-related behavior changes. Must contain an evalu-
ation or assessment. All publication years included.
Exclusion
No English abstract available. Comments, editorials, cor-
respondences and letters are excluded. Mitigation rather
than adaptation focus of the article. Focus too limited:
only a description of heat adaptation planned or imple-
mented without assessment of effects. No evaluation of
human health impacts.
Two researchers independently selected relevant
articles from the searches with the same search terms
as well as through cross-checking reference lists. One
researcher contacted leading experts for input on
work-in-progress and further studies to be included via
email.
Any disagreement between the two researchers was
resolved and evaluated by a third member of the re-
search team.
Study quality assessment
For study quality assessment, the NHS Critical Ap-
praisal Skills Program (CASP) [45] checklists were used
according to each study type. CASP also provides a
checklist for quality appraisal of qualitative studies. Al-
though specific tools for each study type prohibit a gen-
eral comparison across study types, Katrak et al. [46]
have previously criticized generic assessment tools for
being too general. In addition, our review aimed at be-
ing comprehensive and therefore intentionally included
a vast range of studies. Any attempt to assess these with
a generic tool was unfit for representing their diversity.
The CASP checklists were aimed at answering general
guiding questions also provided by Booth et al. [47]:
1. Validity: Do the results of a study fit with other
available evidence? How are confounding and bias
handled?
2. Reliability: What are the results and how much
might they be owed to chance?
3. Applicability: Can we generalize the results? How
strong are recommendations for practice based on
these study results?
For the specific questions, see Additional file 4.
To reduce the risk of subjective quality judgment, we
decided not to exclude nor weigh studies based on
quality rating or scales. While study quality assessment
is important to judge the overall evidence base for
adaptation effectiveness, the usefulness of excluding
studies based on quality has been contested [47,48].
Study synthesis
Due to the heterogeneity and varied designs of studies
and reports, no overall quantitative meta-analysis could
be performed. Instead, we applied narrative synthesis.
We conducted two subgroup analyses of survey stud-
ies and observational studies as these were the two most
common study types.
Results
The database search led to 5539 results, 2299 after re-
moval of duplicates. After title and abstract screening
2252 articles were excluded because they did not concern
human health or did not contain an evaluation. 47 articles
were assessed as full texts. We excluded 29 articles after
reading the full texts because no evaluation according to
our criteria was described. Through additional sources
such as reference lists we identified 12 studies. All in all,
30 articles were included in the review, as shown in the
PRISMA flowchart (Figure 1).
Study characteristics
Of the 30 articles, 12 were studies conducted in
European countries [35,49-59], 10 studies were from
the United States, one of which included a Canadian
study city [34,60-68], two from East Asian countries
[69,70], one from Canada [71], and one from Australia
[72]. The systematic reviews were not restricted to any
continent [73-76]. Figure 2 shows the imbalance of
country of origin for the publications in a distorted
cartogram [77]: more studies were published in higher-
income, Western countries versus lower-income coun-
tries. Countries with a higher output are represented
as larger in the cartogram (Figure 2). We did not
identify any studies from Africa, Southeast Asia or
Central and South America. The Pacific Region was
also underrepresented.
Time of publication ranged from 1992 to 2013
(median = 2008). Regarding study population, about
one-third of the studies focused on older persons (n = 11)
[35,49,50,52,57-59,61,66,67,69]. However, definitions of an
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older person differed and ranged from inclusion of over
64 to 75 and beyond. The remaining studies included all
adults aged 18 years and older.
Half of the identified studies were observational stud-
ies with regression as main analysis method (n = 16)
[49,51-53,55,56,58-60,63-65,67-70], followed by survey
research (n = 6) [34,54,62,66,71,72]. We identified two
qualitative interview studies [35,50], one randomized
controlled trial (RCT) [57], one economic analysis [61],
and four systematic reviews [73-76]. Additional file 5
describes characteristics of the studies included in the
review.
Figure 1 PRISMA flowchart of study selection process.
Figure 2 Continents of study origin. Distorted cartogram of continents of study origin, weighted by number of studies per country. Countries
with higher number of publications are larger in the cartogram.
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Heat adaptation
Adaptation options to heat assessed in the included
studies ranged from heat warning campaign communi-
cation [35,49,50], use of fans [75], and active surveillance
programs [57] to biological acclimatization over decades
[55,56] (Figure 3).
Main outcomes were mortality rate trends over
several years, mortality rates pre- and post-intervention,
and changes in awareness or behavior over time. Due
to limited comparability of the studies, specific study
results will be discussed under subgroup analysis
for regression analysis and perception survey results
(Tables 1 and 2).
Quality appraisal
We used the CASP checklists [45] to assess study
quality. As expected from scoping literature searches,
studies included in the review were highly heteroge-
neous in research question and design. We used the
CASP checklists for RCT (n = 1) [57], systematic reviews
(n = 4) [73-76], qualitative studies, also used for survey
research (n = 7) [34,35,50,54,66,71,72], case–control stud-
ies including one survey-based case–control study (n = 15)
[51-53,55,58-60,62-64,67-70,78], economic analyses (n = 1)
[61] and cohort studies (n = 2) [49,65]. Results of the
quality appraisal are presented in Additional file 4.
Although we did not assign a quality score, we were able
to see two main challenges for research design in the
studies that may compromise quality: for survey and
qualitative research on awareness changes, no baseline
assessment was performed. For regression analyses, the
definition of a control was not standardized.
Subgroup analysis: articles comparing mortality and
morbidity
The majority of articles (n = 17) compared mortality or
morbidity, either over a period of several years or before
and after implementation of a heat wave warning system.
Study types in this assessment included one RCT [57],
14 case–control studies [51-53,55,58,59,63,64,67-70,78,79]
and 2 cohort studies [49,65]. However, the variety of out-
comes reported prevented us from combining results in a
meta-analysis (Figure 4).
Outcomes were reported as odds ratios, mortality rates,
excess deaths, relative risk, increased percentage of mor-
tality per centigrade temperature increase, or as a mortality
index. Table 1 shows results of these studies. The studies
were of high quality using standard epidemiological methods.
Overall, the majority of assessments report a reduction
of adverse effects during extreme heat. This applies both
to longitudinal and short-term studies. For instance, Chau
et al. [69] report an increase of 1.23 deaths from ischemic
heart disease in Hong Kong where a heat warning system
was absent between 1997 and 2005. For the cities in the
United States, on the other hand, Davis et al. [60] find
an increased heat-related mortality rate since 1964 for
Atlanta, Buffalo, Dallas, Denver, Seattle and San Francisco.
In Central Europe, Kysely and Plavcova [78] describe an
overall decrease in mortality by 10% from 1986 to 2009. A
common challenge for the studies is linking the decrease
to specific adaptation measures: alternative hypotheses for
the observed declines in sensitivity have not been tested.
Subgroup analysis: perception and behavior change studies
The second largest group of study types was comprised
of awareness and perception surveys and interviews. The
Figure 3 Type of adaptation in studies included in review. Adaptation measures discussed in the individual studies.
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Table 1 Results of the regression analysis studies and RCT
Reference Type of evaluation Results
Rogot et al. 1992 [65] Comparing mortality during heat in people with air
conditioned homes to those with no air conditioning
Central air condition compared to no air condition: OR below
1 for all groups, significant (p = 0.03 Mantel-Haenszel). Room air
condition compared to no air condition: OR 0.96 for total
group, p = 0.71). RR for central air condition vs. no air
condition 0.58 for total group, RR for room air condition to no
air condition 0.41 for total group
Smoyer 1998 [67] Comparing mortality rates of 1980 and 1995 The average elderly mortality rate on heat wave days went
down from 2.36 (SD 1.20) to 1.65 (SD 0.52), the average elderly
mortality rate on non- heat days went down from 1.56 (SD 0.45)
to 1.46 (SD 0.55)
Palecki et al. 2001 [64] Comparing excess deaths in 1995 and 1999 Mortality rates in Chicago and St Louis both 1.4 per 100.000
in 1999, if not using core cities but counties. In 1995, 700 died in
Chicago and 27 in St Louis
Weisskopf et al.
2002 [68]
Changes in population vulnerability Model 1: predicted mortality rate of 1.80 per heat-index degree
above 80 °F. 42.3 expected deaths, actual deaths in 1999 were 10.
Model 2: RR for heat-related death in 1999: 0.17-0.24, RR for
emergency medical services in 1999 0.32-0.46
Davis et al. 2003 [60] Comparing temperature mortality relationship
from 1964 to 1998
The threshold for 1960s-1970s is no longer connected to an
increased mortality in the 1980s in Northeastern cities, and in the
1990s 10 show no elevated mortality above threshold and of the
remaining 18 cities 12 show a decline in mortality rate. Six cities
remain with an increased mortality rate above the threshold:
Atlanta, Buffalo, Dallas, Denver, Seattle, San Francisco
Delaroziere and
Sanmarco 2004 [52]
Comparing mortality before and after implementation
of warning system
Mean index of daily excess mortality has dropped from 3.27 in
the years 1986 to 1982, down to 1.32 in the years 1984–1997,
p = 0.008)
Marinacci et al.
2009 [57]
Comparing no. of hospitalizations and deaths in
summer 2004, RCT
Males: in intervention group Odds to be emergency hospitalized:
OR 0.33, 95% CI: 0.11; 0.96. Females: in intervention group odds
to be hospitalized overall: OR 0.96, 95% CI: 0.93; 0.98
Tan et al. 2007 [70] Comparing daily excess mortality in 1998 and 2003. Correlation coefficient between daily deaths and weather and air
pollution parameters: death and time of heat wave: 0.34 in 1998
and 0.41 in 2003, Tmax in 1998 0.51 to 0.62 in 2003. Heat related
deaths in 1998: 358 (absolutes), 253 in 2003 (absolutes)
De’Donato et al.
2008 [51]
Daily excess mortality before (reference period) and
after implementation of heat warning system
J-shape temperature-mortality curve in all cities. In Milan and Rome
in 2007 there was a weaker association between high temps and
mortality. In Bari and Catania there was a greater impact of high
temp on mortality in 2007 (all compared to 2003). In 2007 excess
mortality occurred during three heat waves, with impacts on
mortality of +10-41% in the center and 11-56% in the South
Fouillet et al.
2008 [53]
Comparing excess daily mortality in 2003 to 2006 During summers 2004 and 2005, observed no. of deaths was 2-8%
lower than predicted no. of deaths. In 2006 2065 excess deaths
occurred, predicted for that temperature were 6452 excess deaths,
4400 fewer deaths than predicted
Kysely and Kriz
2008 [55]
Comparing excess mortality in the 1990s and 2003 Excess daily mortality in 1990s: 98 deaths in 1992, 113 deaths in
1994; 50 deaths in 2003. Aggregated: 1992 718 excess deaths, in
1994 919 excess deaths, in 2003 236 excess deaths
Bargagli et al.
2009 [49]
Mortality rate among patients with active surveillance
and those without = comparison of mortality rate
with and without intervention
Excess mortality on heat days vs. non-heat days in controls:
RR 1.20, 95% CI: 1.14-1.27; excess mortality on heat days vs.
non-heat days in intervention patients: RR 0.95, 95%
CI: 0.65-1.34
Chau et al. 2009 [69] Comparing associations between hot weather warning
and mortality rates from ischemic heart disease and
stroke from 1997 to 2005.
Absence of warning system was associated with an increase of
1.23 deaths from IHD (95% CI 0.32; 2.14), an increase of 0.97
deaths from stroke (95% CI: 0.02; 1.92) per day
Ostro et al. 2010 [63] Comparing hospitalization among those with air
conditioning to those without
Reduction in excess risk of hospitalization with 10% increase in A/C
ownership: respiratory disease: relative reduction 19.9% (95% CI
0.7;39.), CVD relative reduction: 49.1% (95% CI 19.9;78.3), heat
stroke relative reduction 4.0% (95% CI 1.9;6.0)
Kysely and Plavcova
2012 [78]
Comparing temperature mortality relationship from
1986 to 2009
Significant trends in deviation of mortality on lag days from
1986 to 2009: all ages D + 1 -0.61, D + 2 -0.55; 70- years:
D + 1 -0.66; 70+ years: D + 2 -0.66. Relative deviations of mortality
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articles all shared a common definition of awareness and
behavior change. No pre-test was conducted in the survey
and interview studies except for the study by Mattern
et al. [62]. Results are presented in Table 2.
Most participants were informed of risks of extreme
heat through media, television being the most common
[34,54,66,71,72]. Individual adaptation behaviors were
use of air condition, drinking water and avoiding strenu-
ous activities [34,35,50,54,66,71,72]. Risk perception was
discussed in the publications by Abrahamson et al. [35]
and Bittner and Stößel [50]: both discovered that among
their participants, older persons did not feel more at risk
than younger populations. Concern about the costs of
increased air condition use was mentioned by Sheridan
[66]. We argue that due to the lack of pretests, the success
of behavioral intervention advice cannot be estimated
conclusively as it cannot be compared to knowledge and
behavioral habits prior to the implementation of an adap-
tation measure.
Discussion
The results of our review reveal difficulties in assessing
adaptation effectiveness and are consistent with previous
research. This suggests that issues of methodological
rigor and what to measure when speaking about effect-
iveness of heat adaptation have not yet been resolved,
despite increased interest in the matter.
Common themes in all studies were difficulties asses-
sing adaptation effectiveness with standard epidemio-
logical methods. This has been discussed particularly in
the four systematic reviews. Specifically, the following
issues in conducting rigorous studies to generate conclu-
sive evidence of adaptation effects have been named:
 Differing heat wave impacts due to unstable
intensity and frequency [76].
 Role of confounders such as socio-economic variables
and long-term healthcare improvements [76].
 Short time frame between implementation of heat
prevention and evaluation [73].
 Location-specific acclimatization [73].
 Simultaneous implementation of sub-interventions
in a heat prevention plan [73].
 Data availability [76].
Gupta et al. [75] call for experimental study designs to
assess the effectiveness of using fans during a heat wave
as they were unable to resolve conflicting information
from observational studies in their Cochrane review. In
our included studies a call for more rigorous methods
was the standard solution to the above mentioned issues,
without specific recommendations on how to achieve
this. When trying to judge whether the information we
gathered through the review is sufficient proof that heat
adaptation reduces heat-related mortality and illness, we
struggle with the following problems posed by the avail-
able studies:
 Although older persons are generally included as a
vulnerable group, age ranges differ and impede
comparability.
 Lack of pre-tests in awareness studies. Participants’
knowledge of heat warning systems or healthy
behaviors cannot clearly be attributed to the
adaptation.
 Most of the observational studies did not examine
alternative hypotheses for changes. Often authors
mentioned a variety of reasons for changes, all of
them with equal or unknown likeliness.
Why is conducting experimental research of adapta-
tion to heat so difficult? For one, defining the counter-
factual, i.e. what would have happened in the absence of
the adaptation measure, is problematic, because usually
an entire city or even country is exposed to the adapta-
tion measure. Choosing a different city as control would
Table 1 Results of the regression analysis studies and RCT (Continued)
declined by 0.4% to 0.5% in all age groups until 2009. Overall
decline of mortality by 10% for all groups
Morabito et al.
2012 [58]
Comparing mortality before and after implementation
of warning system
Odds Ratios for mortality by age group pre- and post-2003: only
significant in 75 years+, OR for average apparent temperature
before 2003 1.18 (CI 1.10-1.26), 2004 to 2005: 1.24 (CI 1.14-1.35),
2006–2007: 1.20 (CI 1.09-1.31). Also significant for maximum
temperature
Schifano et al.
2012 [59]
Comparing daily mortality in 1998–2002 (before) and
from 2006 to 2010 (after) implementation of
prevention program
Weaker relationships between heat and mortality in all 16
cities post-intervention. Percentage change in mortality per 3°C
increase in max apparent temperature MAT (pooled results): for
0 to 3% increase of 3°C increase: 1998–2002: 5.65%, for 2006 to
2010: 5.65%; 3 to 6% MAT increase: in 1998–2002 6.72% change,
in 2006 to 2010: 7.79% change. Largest results: 12 to 15% MAT
increase, 41.76% change from 1998–2002; 5.65% change from
2006 to 2010
Main results are in bold.
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Table 2 Results of reviews, survey studies qualitative interview studies and economic analysis
Reference Type of evaluation Methods Results
Mattern et al.
2000 [62]
Case-only survey Standardized questionnaire 34 respondents. At pretest 67% of respondents knew whom
to contact during heat for assistance, post-intervention
94% knew whom to contact. 6% knew about the City of
Philadelphia hotline at pretest, 29% at post-test. 76%
monitored temperature daily, 21% monitored temperature
during hot days
Ebi et al. 2004 [61] Economic cost-effectiveness
evaluation
Multiple linear regression,
estimation of lives saved,
estimation of benefits
2.6 lives saved on average for each warning day plus three
day lag (not significant). Estimated value of $6.12mill. per
life = $468 mill. saved with 117 lives saved over 3 years.
Costs for system $210.000
Kishonti et al.
2006 [54]
State of knowledge on heat,
the warning system, protective
behavior
Quantitative telephone survey Sample size 2500. Awareness of heat: persons between 30
and 59 years of age mentioned at least two health impacts
of heat. 27% of respondents saw hypertension as risk, 11%
heat stroke, 22% CVD. 25% of interviewees had seen the
communication campaign, of whom 78% saw it on TV,
57% in the newspaper and 41% on the street. 59% of
respondents had heard of heat alarm
Bouchama et al.
2007 [74]
Systematic review and
meta-analysis on risk and
protective factors for
heat-related deaths
Systematic review and
meta-analysis
Protective factors: home air condition (OR 0.23 95% CI 0.1-0.6),
visiting cool environments (OR 0.34 95% CI 0.2-0.5), increased
social contact (OR 0.40 95% CI 0.2-0.8), taking extra
showers (OR 0.32, 95% CI 01.-1.1), use of fans (OR 0.60
95% CI 0.4-1.1)
Kalkstein and
Sheridan 2007 [34]
State of knowledge on heat,
the warning system, protective
behavior
Quantitative survey 201 respondents, 14 of age 65+. 90.2% of females knew
about the heat warning system, 75.3% of males knew about
the system. 25% felt heat was dangerous. Of those aware of
heat warnings, 49.7% altered behavior, 47.3% did not
Sheridan 2007 [66] State of knowledge on heat,
protective behavior, available
cooling systems in the house
Quantitative telephone survey 908 respondents across all cities. In the four cities, most
people learned about heat warnings on television
(Dayton: 89%, Philadelphia: 84%, Phoenix: 92%, Toronto: 64%).
46% of respondents altered their behavior during heat,
varying significantly across cities (p = 0.003). Use of air
conditioning self-restricted due to concerns about costs
Abrahamson et al.
2009 [35]
State of knowledge on
heat-related health risks and
protective behavior
Semi-structured interviews with
topic guide, 1 data collection
wave summer of 2007
73 respondents, mean age 81 years (range 72–90) in London;
mean age 80 (range 75 to 94) in Norwich. Themes identified:
perception of vulnerability to heat; behavior change during
heat; knowledge of protection measures; perception of
usefulness of heat wave plan. No consensus on usefulness
of heat wave plan components. Most respondents adjust
their behavior during heat. Few respondents perceived of
themselves at risk
Kosatsky et al.
2009 [71]
State of knowledge on heat,
protective behavior
Quantitative, questionnaire based
face-to-face interviews
238 respondents. 86% know about risks of high night time
temperature, 94% know about health risks for lung and
heart disease patients. 80% listen to weather forecasts,
mid-summer 93% had heard a heat advisory. 71% use a
fan, 87% do less strenuous activities in heat. 73% have air
condition at home, those with air condition reported more
additional behavior changes than those without
Bassil and Cole
2010 [73]
Systematic review of all study
types
Systematic review and expert
elicitation
Narrative results: most studies evaluate heat warning
systems, awareness and perception. If effects measured
then often as regression analysis. Methodological challenges
Oakman et al.
2010 [72]
State of knowledge on heat,
heat warnings, protective
behavior
Quantitative telephone survey 328 interviews, 63% knew of health warnings: of these
74% saw it on TV, 42% on radio, 15% in newspapers. 96.1%
of respondents used air condition in hot weather, 94%
drank water, 90% stayed indoors
Bittner and
Stößel 2012 [50]
State of knowledge on heat,
protective behavior, heat
warnings
Questionnaire-based interviews,
qualitative analysis with
framework approach
20 respondents. Themes: vulnerability, changes in daily
routine, sources of information, content of advice received,
activity level and health status. Individual vulnerability
not always perceived. Controversial role of the GP. 19
respondents stated they changed behavior
Gupta et al.
2012 [75]
Systematic review of RCTs,
and experimental designs
with controls
Systematic review according to
Cochrane guidelines
No studies with rigorous experimental designs found
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require careful matching. This is difficult for many rea-
sons: for example, intercity microclimate variability
could bias results, and to assess effects the control city
would need to be exposed to a heat event of similar
magnitude and length. Unlike other public health inter-
ventions, researchers and practitioners cannot limit ex-
posure; they can only mediate it.
Second, heat prevention can occur at structural level,
or at individual level through behavior change. Ethical
concerns could be raised if structural prevention or a
warning system were only available to an intervention
group in one city. For instance, control populations
could not be prevented from accessing public green
spaces.
Third, heat by itself is not a new phenomenon. Much
of the heat-related health advice provided by risk com-
munication campaigns is common sense information: to
stay hydrated, for example, or to seek shade and cool
places [80]. Physical discomfort during heat makes it
likely that people have followed such advice before offi-
cial warnings were even issued. This might not only sug-
gest absence of the classic control group for behavior, it
is also more difficult to compare knowledge pre- and
post-information campaigns. In light of future popula-
tion aging, potential improvements to adaptation effects
lie with targeting those elderly people who do not feel at
risk through awareness raising interventions despite
these difficulties. The use of innovative materials and
social norms approaches could be evaluated.
While we argue that concrete evidence for the effect-
iveness of specific planned adaptation measures is lack-
ing, our results show a mostly unanimous decline in
sensitivity to heat over longer time periods. Alternative
hypotheses for the causes of this decline should be
investigated. Proposed alternatives have included bio-
logical adaptation [81], improvements to healthcare sys-
tems [82], technological advancements [83], adjustments
to the urban built environment [84], and social progress
[84]. The role each of the alternatives plays in declining
heat sensitivity is debated [78].
Aware of these shortcomings, recent research projects
into methods specifically for adaptation assessments
have been designed [85], results are not yet available.
We were surprised to be unable to identify articles
assessing infrastructural measures such as greening, or
supply of air conditioning, although we had specifically
intended to include these. Our focus on human health
and our health–related search terms may have prevented
us from finding articles on urban planning effects.
Connecting specific urban planning to public health
assessments might be a challenging but interesting fu-
ture research topic.
Table 2 Results of reviews, survey studies qualitative interview studies and economic analysis (Continued)
Toloo et al.
2013 [44]
Systematic review of any heat
warning evaluation
Systematic review of databases Six articles asserted that post-intervention expected deaths
were reduced. High study heterogeneity. One economic
assessment. Eight studies assessed awareness, including one
qualitative study
Main results are in bold.
Figure 4 Model of the variability in reported outcomes.
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Policy implications
With such little conclusive evidence of effectiveness,
recommendations for future action need to be carefully
considered. On the one hand, policymakers may feel a
moral imperative to act regardless of the evidence base.
On the other hand, negative health effects of the adap-
tation measures themselves should be avoided. Possible
risks from adaptation include misinformation on pro-
tective behaviors leading to maladaptation, or increased
allergic disease incidence through greening of urban
spaces [86]. Using “low-regret” adaptation measures
could be an interim solution until more suitable assess-
ment methods have been developed. In climate change
adaptation, low-regret options are generally all strat-
egies that either offer more than one benefit or keep op-
tions for amendments open [87,88]. Such options have
been described as useful when uncertainties are large,
as they do not rely on exact climate change projections
[88,89]. They yield a number of benefits for a system’s
capacities to deal with climatic changes while only re-
quiring moderate input, and are less likely to have nega-
tive effects [87,88]. In practice, benefits will have to be
weighed against opportunity costs and trade-offs [90].
Examples for popular low-regret options in heat adap-
tation might be urban greening and heat wave warnings
[91]. However, creating such an inventory of low-regret
measures does not actually solve the issue of whether
adaptation works. A prominent voice in climate change
and health research, Anthony McMichael, argued that a
focus on traditional epidemiological assessments methods
may not lead to increased knowledge as desired [92].
Instead, McMichael wrote, taking risks with new
concepts, methods and interdisciplinary approaches to
research are required [92].
Limitations
In this review, we focused on peer-reviewed literature
and excluded all unpublished or grey literature directing
main attention towards database searches. This was
justified by our specified interest in evidence of effective-
ness as proven by rigorous scientific research, rather
than in any evaluation possibly conducted by practi-
tioners. A previous review from 2010 [73] stated that
grey literature would be a more likely source of effective-
ness information than peer-reviewed journal articles
owing to the low number of evaluations conducted in
research. Nonetheless, Bassil and Cole [73,93] only
found one unpublished study that contributed to the
information on effects. As there is no legal imperative for
policymakers in Europe to evaluate adaptation strategies,
for example, few assessments are undertaken [94]. We
aimed for comprehensiveness and therefore included non-
health related databases to search for infrastructural evalu-
ations. The final article selection, however, was entirely
from academic health and medicine journals. This sug-
gests that even if evaluation of green spaces or other infra-
structural measures occur, these evaluations are less likely
to consider co-effects on human health.
We identified no articles from Africa, Southeast Asia,
the Pacific or Central and South America. This confirms
previous findings on a dominance of high-income Western
countries in adaptation research [95].
Nevertheless, we were able to identify 30 articles
dealing with issues of evaluating heat adaptation, a
large number in light of the novelty of adaptation and
evaluation research. By our subgroup analysis approach,
we contributed to knowledge on effectiveness as generated
by two current adaptation evaluation standards: awareness
surveys and mortality rate comparisons. Our review
identifies major challenges to evaluation and proposes
further research into the potential of adaptation mea-
sures for health protection from extreme heat.
Conclusions
Our results show that rigorous evaluation of adaptation is
rare and difficult to conduct. The potential health effects of
adaptation can currently not be measured conclusively. Up
to now, we find limited intersectoral efforts between public
health agencies and climate change adaptation policy. Such
efforts might contribute to a reduction in adverse health
effects of heat. In addition, involvement of the health sector
in adaptation design, implementation and evaluation might
increase chances of successful adaptation.
Current knowledge does not prove effectiveness of
planned adaptation, yet a decline in sensitivity to heat
hints at important developments. Recent articles pub-
lished after the search period for this review observe a
similar decline over long time periods [96-98]. Whether
biological adaptation, continuous improvements in health-
care, changes to the urban environment not declared
“adaptation,” or a different unknown reason caused said
decline is a matter of further interest. The seeming para-
dox between the observed decline in the examined studies
and scholarly works referring to an expected increase
in heat-related adverse health effects [99] needs to be
assessed further as well. Low-regret adaptation options
might be investigated while simultaneously increasing
efforts to overcome methodological evaluation chal-
lenges with further research.
Endnotes
aOriginally we had planned to include only cities with
more than 500,000 inhabitants. Due to the limited study
availability, however, we decided to broaden this criterion
to cities of any size.
b* = wildcard, all possible word endings included.
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a b s t r a c t
Climate change will likely have impacts on disease vector distribution. Posing a significant health threat
in the 21st century, risk of tick-borne diseases may increase with higher annual mean temperatures and
changes in precipitation. We modeled the current and future potential distribution of the Ixodes ricinus
tick species in Europe. The Genetic Algorithm for Rule-set Prediction (GARP) was utilized to predict
potential distributions of I. ricinus based on current (1990–2010 averages) and future (2040–2060
averages) environmental variables. A ten model best subset was created out of a possible 200 models
based on omission and commission criteria. Our results show that under the A2 climate change scenario
the potential habitat range for the I. ricinus tick in Europe will expand into higher elevations and
latitudes (e.g., Scandinavia, the Baltics, and Belarus), while contracting in other areas (e.g., Alps,
Pyrenees, interior Italy, and northwestern Poland). Overall, a potential habitat expansion of 3.8% in all
of Europe is possible. Our results may be used to inform climate change adaptation efforts in Europe.
& 2014 Elsevier Ltd. All rights reserved.
1. Introduction
Climate change has substantial impacts on human health
(Costello et al., 2011; Frumkin et al., 2008; Haines et al., 2006;
McMichael and Lindgren, 2011; Patz et al., 2005). Impacts on the
European continent will likely include a higher frequency of
extreme weather events, prolonged heat waves, changes in pre-
cipitation, reduction in biodiversity, and changes in the spatial
distribution of various infectious diseases (Bittner et al., 2014;
Confalonieri et al., 2007; Fischer and Schär, 2010; Nikulin et al.,
2011; Parks et al., 2010; Semenza et al., 2012; Thuiller et al., 2005).
In addition to a potential increase in food-borne infections with
warmer mean temperatures (Thomas et al., 2012), the distribution
and life cycle changes of rodents, arthropods, and other disease
vectors present a major public health risk to Europe (Ciscar et al.,
2011; Semenza and Menne, 2009; Semenza et al., 2012). Vector-
borne diseases are transmitted by ticks (e.g., tick-borne encepha-
litis (TBE), Lyme borreliosis), mosquitoes (e.g., West Nile Virus,
malaria, dengue), sandflies (e.g., leishmaniasis), rodents (e.g.,
plague, hantavirus), and other arthropods. While risks to Europe
from emerging tropical diseases under a changing climate should
not be dismissed, morbidity from tick-borne diseases is already a
public health issue in Europe that may be exacerbated by climatic
change (Jaenson and Lindgren, 2011; Massad et al., 2011; Semenza
et al., 2012). In Europe's temperate climate, ticks are the primary
disease vector (Capelli et al., 2012a), and assessing future pertur-
bations in tick distribution under a changing climate is an
imperative component of climate change adaptation and public
health preparedness (Semenza et al., 2012).
1.1. Climate change effects on tick-borne diseases
Already endemic in northern and central Europe, ticks of the
Ixodes ricinus (subsequently called I. ricinus) family act as both a
reservoir and vector for lyme borreliosis and TBE pathogens
(Jaenson and Lindgren, 2011; Jaenson et al., 2012; Lindquist and
Vapalahti, 2008; Süss, 2011). Climate change affects vector-borne
disease distribution and incidence through various paths (Gage
et al., 2008; Kovats et al., 2001; Mills et al., 2010; Semenza et al.,
2012). First, arthropod vectors such as ticks are ectothermic (cold-
blooded) and therefore sensitive to changes in temperature
(European Center for Disease Prevention and Control, 2012). Sec-
ondly, precipitation and humidity additionally affect reproduction
and egg development, vector development, population density as
well as biting activity (Gage et al., 2008; Harrus and Baneth, 2005;
Knap et al., 2009). Pathogen load, pathogen development, abun-
dance of host species and human behavior are also affected by
climate factors (Kovats et al., 2001; Massad et al., 2011; Semenza
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and Menne, 2009; Zhang et al., 2008). I. ricinus spends all of its life
stages outside and thus depends on a suitable combination of
climate variables making them particularly vulnerable to changes in
climate (Estrada-Peña, 2008; Gage et al., 2008). Milder winters and
longer growing seasons could expand climate-sensitive vector
ranges to higher altitudes and latitudes (Süss, 2011), while a hotter
and drier climate in southern European countries might lead to a
decrease in tick abundance in these regions (Semenza and Menne,
2009). Temperate environments have also been described as
particularly at risk from global warming as low temperatures
usually limit vector survival (Sutherst, 2004). European countries
with lower mean temperatures are expected to experience an
increase in climate-sensitive disease vectors in the near future
(Semenza et al., 2012).
In recent years, the public health research community has
become increasingly interested in future impacts of climate
change on human health as shown by a larger output of research
articles (Hosking and Campbell-Lendrum, 2012). Whereas future
distribution of ticks in individual European countries has been
modeled (Gray et al., 2009), transfer of these results of spatial
epidemiological modeling into national adaptation policy has been
slow. Limited information exists on changes in tick niche distribu-
tion on the European continent overall, a gap which this study
attempts to fill. Based on our results of modeling current and
prospective I. ricinus tick distribution in Europe, we discuss the
potential implementation of our methods into European climate
change adaptation strategies.
2. Materials and methods
2.1. Data sources
A total of 2097 georeferenced localities (presence-only) for I. ricinus
were obtained from the Global Biodiversity Information Facility (2013).
Most tick localities were recorded using handheld GPS, while coordi-
nates for older records were documented using local maps and
distance and azimuth (direction) from the nearest town. The majority
of ticks (97%) were collected from their observed presence on a host
(e.g., human, dog), then mailed to a public health station or museum.
The remaining ticks were observed and not collected. Absence data
were not needed for the chosen method of modeling. More than one
species was recorded at multiple locations, providing a rudimentary
level of abundance. However, abundance was also not necessary for
modeling and only one I. ricinus tick was needed per geographically
unique location. GBIF is a global inventory of freely available species
locality data that combines multiple datasets into one. Only data from
European countries were used in this study and the original data
sources include the Ohio State University Acarology Collection, Berlin
Museum of Natural History, Illinois Natural History Survey, National
Natural History Museum of Luxembourg, United Kingdom National
Biodiversity Network, Danish Biodiversity Information Facility, Swed-
ish Species Data Bank, Natural History Museum – University of Oslo,
and Norwegian Species Data Bank.
The current distribution model utilized baseline climate data
constructed of averages over the time period 1990–2010 and the
future distribution model utilized the CSIRO SRES A2 emissions
scenario for the time period 2040–2060. The A2 scenario was
originally created by the CSIRO Marine and Atmospheric Research
Laboratories Information Network in Australia (Collier et al., 2007;
Gordon et al., 2002). Data were obtained from the Consultative
Group on International Agricultural Research (CGIAR) Research
Program on Climate Change, Agriculture and Food Security (CCAFS)
global circulation model (GCM) data portal (Consultative Group on
International Agricultural Research (CGIAR), 2013). The A2 emissions
scenario uses global economic and industrial trend predictions to
conceptualize a future climate influenced by a heterogeneous world
where fertility patterns converge slowly across regions resulting in
increasing population, while economic growth and technological
change are regionally fragmented. Because the impact of these trends
is expected to exacerbate current climate change tendencies, the A2
scenario is considered a “high” emissions scenario. Both the baseline
climate data and A2 scenario climate data were processed and
downscaled through the MarkSim pattern scaling technique, which
groups over 9200 global weather stations into climate clusters based
on monthly average rainfall and temperature figures from each
station (Jones and Thornton, 2013).
Bioclimatic grids were created through the manipulation of
monthly measures of solar radiation, precipitation, and temperature
and included annual mean solar radiation, iso-thermality, annual
total precipitation, precipitation of wettest quarter, and precipitation
of driest quarter at a resolution of 50 (8 km) (Hijmans et al., 2005).
Soil type was also used as a variable for modeling because of its
importance in tick habitat suitability (Guerra et al., 2002). Soil data
were obtained from the Harmonized World Soil Database (HWSD),
which utilized the Soil and Terrain Database (SOTER) for Europe. Soil
data were available at a resolution of 30″ (1 km). All variables were
resampled to a resolution of 8 km2 (or 0.011), and clipped to the
boundary of Europe (excluding western Russia).
2.2. The GARP modeling approach
The Genetic Algorithm for Rule-set Prediction (GARP) was
selected to create an ecological niche model (ENM) for I. ricinus.
The GARP model was developed using the Desktop GARP version
1.1.3 open source software application (Scachetti-Pereira and
Stockwell, 2002). GARP is a presence-only modeling tool that
analyzes the relationship between locality data and the para-
meters of environmental variables in the same location through an
iterative process of training and testing (Stockwell and Peters,
1999). A total of 50 rules are created from four main rule types
(atomic, range, negated range, and logit rules) for each model run
in a pattern matching process that finds non-random relationships
between locality data and environmental parameters. Once a rule-
set (i.e., the combination of all 50 rules in each model run) is
created, then the relationship is applied to other areas of the
landscape that have similar environmental parameters describing
either presence or absence of the species. Validation occurs both
internally and externally through a process of data splitting that is
user-defined.
The GARP modeling approach is stochastic, or random, and
consequently produces different outputs with each model run.
Because of the variance between each model run output, it is
important to produce multiple runs and utilize the best-subset
technique of selecting the 10 best models that meet certain optimi-
zation parameters. Omission and commission thresholds are defined
by the user to obtain a set of models that find a balance between
sensitivity (absence of omission error) and specificity (absence of
commission error) (Anderson et al., 2003). The resulting GARP output
is a collection of grids that describe presence and absence of the
species across the study area. These grids can be input in a
Geographic Information System (GIS) and summated to find areas
where higher and lower model agreement occurs. Presence or
absence classification is more certain with increasing model agree-
ment (Ron, 2005).
2.3. Application of GARP in this study
For this study, a total of 904 I. ricinus locations were found to be
spatially unique and thus available for evaluation. Locations were
spatially unique when they were not found in the same eight
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square kilometers (the resolution used in this study) as another
location. GARP does not weight grid cells based on quantity and it
is therefore unnecessary to have more than one occurrence per
grid cell. Subsets of training and independent data were created by
randomly splitting each dataset. For each species, a subset of
20% was withheld from the model-building process for post-hoc
model evaluation (independent data). The remaining 80% was
used for model-building (training data). Each model run used a
50/50 internal training/testing split with a maximum of 200 runs
and a convergence limit of 0.01. The convergence limit is a
measure of change between rule-sets from one model to the next
and values closer to 0 infer increasing iterative model stability.
Fig. 1. Training (green) species locality data were used for model building, and testing (yellow) species locality data were used to test model accuracy. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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A convergence limit of 0.01 assumes a high level of inter-model
stability between subsets when GARP is complete. The “max
iterations” was set to 1000 and all rule types were applied. A best
subset was selected with an extrinsic omission measure (i.e., the
percentage of test points omitted from the prediction within the
model) and a hard omission threshold (i.e., the percentage of total
points allowed to be omitted from a final rule-set) of 10%. The total
“models under the hard omission threshold” was set to 20 and the
commission threshold was set to 50% of the distribution.
Accuracy metrics utilized the 20% independent data that
were withheld from the model-building experiments for each
species to test the model outputs. Areas under the curve (AUC)
scores were produced using a receiver operating characteristic
(ROC). Two measures of omission (total and average) and two
measures of commission (total and average) were also calculated
for each model output. Omission describes the percentage of
occurrence data excluded from the areas predicted to be present
for the species, while commission describes the percentage of the
study area predicted to be present for the species. Commission
only describes the area predicted to be present and does not infer
a correctly predicted area, but is instead used as a counterweight
to omission. The AUC measures specificity (commission) vs.
sensitivity (omission) in an effort to balance the two metrics. An
AUC score ranges from 0.5 (lowest predictive accuracy – comple-
tely random) to 1.0 (perfect score – points were predicted 100% of
the time).
Agreement between the current and future projections of
potential I. ricinus distributions was examined to determine areas
of expansion and contraction. The best subset output of ten
models was divided in half to represent presence or absence
(presence predicted in 0–5 models¼classified as absent; presence
predicted in 6þ models¼classified as present). The resulting
presence/absence grids were combined to highlight areas where
no models, one model, or both models predicted presence or
absence on the landscape.
3. Results
Most original tick locality data were found in the United King-
dom with additional occurrences located in Sweden, Denmark,
Luxembourg, Germany, Switzerland, Italy, Austria, and Serbia
(Fig. 1). The random subset training and testing datasets repre-
sented examples for modeling and testing in most locations thus
providing robust model building and validation. A “good fit” for the
current potential distribution increases our level of confidence in
the future potential distribution of I. ricinus since the future model
is dependent on the current model. Accuracy metrics revealed a
very low total omission of 2.0 meaning that only 2% of all testing
occurrence locations were excluded from the final 10-model best
subset (Table 1). The average omission of 2.7 indicated that 97.3% of
all validation data were predicted correctly on average by all models
in the best subset. Approximately 15.4% of the modeled landscape
was predicted by all 10 of the best models to be part of the
ecological niche for I. ricinus based on the total commission score
of 15.4. An AUC score of 0.91 (po0.01) indicated very high model
accuracy. Additionally, based on the internal accuracy metrics set
within the GARP model (i.e., omission/commission thresholds and
the convergence limit), the convergence of accuracy was achieved
prior to reaching 1000 model iterations.
The results of the current and future potential distribution GARP
models illustrate that the northern areas of Europe provide suitable
niche spaces for the I. ricinus ticks (Fig. 2). The predicted current
distribution, our baseline, covers most of the United Kingdom,
Ireland, The Netherlands, Belgium, and Denmark, while large areas
of Sweden, Norway, Germany, France, and Sweden are also part of
the current I. ricinus potential distribution. Parts of Spain, Italy,
Austria, Croatia, the Czech Republic, Baltics, and Finland also
provide smaller areas of habitat suitability. Areas of high model
agreement (or high habitat suitability) in southern Europe are
concentrated in mountainous regions such as the Alps of Switzer-
land, Austria, and northern Italy as well as the Pyrenees of northern
Spain and southern France. Three or fewer models predicted
presence of I. ricinus in central France and Germany as well as
many smaller areas in multiple countries across Europe. This low
level of model agreement indicates a lower likelihood of suitable
habitat for I. ricinus.
Based on current and future potential distribution models, our
results show that under climate change scenario A2 the potential
habitat range for I. ricinus ticks in Europe will expand at higher
elevations and latitudes (e.g., Scandinavia, the Baltics, and Belarus),
while contracting in other areas (e.g., Alps, Pyrenees, interior Italy,
and northwestern Poland) (Fig. 3). Most contraction occurs on the
lower latitude and lower elevation fringes of the current potential
distribution. The largest area of contraction occurs in western
Poland in an area of lower elevation. Scattered areas of contraction
also occur at the lower elevations of the Pyrenees and Alps as well
as lower elevations in central and southern Italy.
Overall potential habitat area will expand from 24.2% of the
modeled area (i.e., areas with 6þ model agreement) to 28.0% – a
net habitat expansion of 3.8% when examining all of Europe
(Table 2). The table accurately quantifies changes in absence and
presence areas for I. ricinus, but masks the spatial heterogeneity of
habitat change since areas of expansion and contraction cancel each
other out, resulting in a seemingly small amount of habitat expan-
sion. Expansion in some countries (e.g., Belarus, Sweden, Finland,
and the Baltics) approaches 15%, while contraction is relatively high
in other countries, most notably Poland and Italy.
4. Discussion
Our results show a likely expansion of up to 3.8% suitable habitats
for I. ricinus ticks in Europe under the A2 climate change scenario,
despite a projected ecological niche contraction in the Alps, the
Pyrenees, inland Italy and large parts of Poland. Specifically, the
countries of Norway, Sweden, Finland, Estonia, Latvia, Lithuania,
Belarus, and Denmark are expected to experience areas of expansion,
while Croatia, Italy, France, Spain, and Germany are expected to
experience areas of contraction. Poland will actually have large
sections of both expansion and contraction with areas of contraction
occurring near its western border with Germany and areas of
expansion occurring along its northern central coast. Results allude
to the spatial heterogeneity of expansion and contraction with larger
areas of expansion occurring in northern countries/regions, whereas
Table 1
Accuracy metrics for the current distribution model of I.
ricinus.
Metric Values
n to build models 723y
n to test models 181
Total omission 2.0
Average omission 2.7
Total commission 15.4
Average commission 29.0
AUCn 0.91 (z¼22.11;‡, SE¼0.02)
y n was divided into 50% training/50% testing at each
model iteration.
n AUC¼area under curve.
‡ po0.001.
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larger areas of contraction are expected in southern countries/regions.
Small areas of expansion/contraction in mountainous regions reveal
an upslope movement in I. ricinus potential habitat.
Consequently, the health risks associated with tick-borne diseases
may increase in the areas of expanded I. ricinus habitat. As most
current I. ricinus habitats will remain suitable for the vector in our
scenario, the existing burden of tick-borne diseases in Europe should
not be neglected. It might be useful to increase efforts to reduce the
current health risks from ticks in Europe as part of climate change
adaptation strategies, while at the same time preparing regions with a
potential future suitable tick habitat for a possible increase in disease
burden.
Our results confirm other recent vector niche modeling studies
(Carbajo et al., 2012; Jaenson and Lindgren, 2011; Roiz et al., 2011).
Fig. 2. Current potential distribution (top) and future potential distribution (bottom) of I. ricinus under a changing climate.
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Climate change will likely influence the environmental variables
determining tick distribution. This study utilized soil type as a
variable within the GARP model and this variable will not change
at the same rate as purely climatic variables. Soil, therefore, serves
to temper the potential shift in habitat suitability for I. ricinus.
Additionally, this study was one of the first to use the MarkSim
pattern-scaling climate simulation model method for an ENM.
MarkSim is often better at simulating and predicting climate
variances in temperate climates than other climate modeling
methods since it examines each unique location in an area and
employs stochastic downscaling and weather typing to closely
model actual climatic variance within specific climate clusters.
Through the use of both dynamic (climatic) and relatively static
(soil type) variables, valuable current and future tick distribution
information can be collected from the GARP model. The broader
question is whether these data can be applied to climate change
adaptation planning to reduce the future burden of disease?
4.1. Application of spatial epidemiological modeling to adaptation
practice in Europe
Evidence for effective vector-borne disease adaptation is sparse
(Semenza et al., 2012). Various approaches have been suggested,
for instance, strengthening public health infrastructure, disease
surveillance and monitoring; information and education cam-
paigns, awareness raising among stakeholders, access to health-
care, vector control, vaccine development and further research
(Gage et al., 2008; Lindquist and Vapalahti, 2008; Semenza and
Menne, 2009; Sutherst, 2004). Disease surveillance and monitor-
ing are the main efforts currently outlined in the European climate
change adaptation strategy (European Commission, 2013).
Whereas impact assessments are necessary to quantify future
risks and are standardly requested in current climate change
strategies in Europe (European Commission, 2013), information
on current and future distribution of ticks is needed. Low model
agreement in much of France, Germany, Finland, and other
countries signifies that the I. ricinus tick may not find a suitable
habitat in these locations, but it is still possible for I. ricinus to
survive and thrive in these areas. Disease monitoring should not
cease in these areas, but with limited resources surveillance
should concentrate on the areas with the highest levels of model
agreement (Fig. 2).
The European Centers for Disease Control encourage integrated
approaches to disease surveillance (Braks et al., 2011). Such inte-
grated approaches may combine clinical data and vector presence/
absence data and include both disease and vector monitoring (Braks
Fig. 3. Predicted changes in potential habitat for I. ricinus.
Table 2
Absence and presence of I. ricinus in current and future potential distribution
models. The future distribution is expected to expand by 4%.
Model Absence Presence
Current Percent 76% 24%
Square km 4,384,503.71 1,402,051.34
Future Percent 72% 28%
Square km 4,165,817.39 1,620,737.66
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et al., 2011). We suggest that our model can support this endeavor
by providing a good estimate of presence and abundance localities
that might be complemented with clinical or syndromic data
collection. Kalluri et al. (2007) suggested using remote sensing of
vegetation indices as proxies for meteorological variables in vector
surveillance. Applying remote sensing techniques could be a second
step after identifying areas likely to be at risk through our projec-
tions. Validating the model results through tick presence monitor-
ing is advisable, yet poses its own challenges as it is both time – and
resource – consumptive. Expenses might be reduced through
choosing cost-effective sampling strategies as demonstrated in a
previous study (Capelli et al., 2012b). Our approach can support
such a strategy by directing tick monitoring to the areas of potential
current and future habitats. As our methods are based on open-
source software and freely available data, these methods might
make surveillance feasible for local municipalities with limited
resources.
Additionally, when considering future potential distributions
based on predicted changes in climate, increased and improved
surveillance efforts should be targeted in areas of predicted habitat
expansion. Some parts of the Baltics and Finland were not
identified as areas of potential habitat expansion in Fig. 3 when
only examining areas with high (6þ) model agreement, but an
examination of the future potential distribution of I. ricinus in
Fig. 2 reveals large areas that were not predicted to have a suitable
environment by any models in the current GARP model and now
have up to 5 models predicting potential habitat suitability. These
areas should be monitored closely for rapid habitat expansion
depending on how climate change is manifested in the region and
how the tick is able to adapt to a changing environment. Our
results show that information for improved monitoring and
surveillance can be provided at both the national and international
level with GARP. In addition, using open source software aids in
more informed decision-making at reasonable costs. As tick-borne
diseases are already a public health issue in Europe, less resource-
intensive methods may contribute to a quicker uptake of public
health prevention measures in areas at risk, both now and in the
future.
4.2. Limitations of our approach
To estimate vector distribution now and in the future, ideally
vectors would be trapped, collected, counted and their pathogen
load analyzed (Guerra et al., 2002). However, this long-term, data
intensive study type requires a substantial amount of time and
resources, both of which are often in short supply for policy-
makers. While other intensive collection techniques (e.g., flagging,
walking, trapping, raking, sweeping) may provide better coverage
in some areas of Europe where data were sparse, the location of
available data from GBIF was representative of their endemic
environment and the identification of the signature of each
environment is the most important component for niche modeling
where an environmental pattern is matched to species locality.
The matching environment is then predicted geographically in
areas of sparse or no data collection, thus providing an accurate
prediction of the species' potential habitat and an added benefit of
identifying locations where more sampling and surveillance
should occur.
GARP utilizes actual species locality data, soil data, and climate
variable data, therefore only partially relying on climate data.
Nonetheless, at the continental level, climate and environmental
variables have been described as good predictors of future
vector-borne disease distribution (Kovats et al., 2001; Morin
et al., 2013; Yamana and Eltahir, 2013). We chose the SRES A2
model as our climate model, but any scenario has inherent
uncertainties. Subsequent studies will model the potential
distribution of I. ricinus under multiple scenarios to identify a
range of areas at risk and to provide a more expansive roadmap to
follow when considering adaptation strategies.
In addition to a comparison of climate change scenarios,
individual rule-sets within GARP should be examined. The GARP
model in this study revealed an increasingly fragmented distribu-
tion in southern Europe potentially resulting in smaller and more
isolated I. ricinus populations that may evolve into genetically
unique subspecies or clades (Estrada-Peña, 2008). Future research
may focus on mapping specific dominant rules on the landscape to
see if there are certain rules that apply at different latitudes – this
could indicate that I. ricinus already exhibits some signs of sub-
speciation.
Uncertainties about the quantitative relationship between cli-
matic variables and the transmission of vector-borne diseases
remain an issue. While climate change alone is unlikely to explain
recent shifts in the geographical distribution of vectors (Randolph,
2013), emerging evidence for a large role of climate in these shifts
exists (Confalonieri et al., 2007; Süss, 2011). For the I. ricinus tick,
altitudinal and latitudinal range shifts in Europe have been
observed in conjunction with an increased incidence of TBE
(Gage et al., 2008; Mills et al., 2010). Thus, our modeling results
corroborate recent observed distribution changes.
5. Conclusion
Careful examination of all possible reasons for these observed
shifts is necessary, as lack of data on the baseline distribution of
vectors, detection bias, and anthropogenic factors such as land use
changes may affect correlations. The evidence available none-
theless shows an increased risk of vector-borne diseases in Europe
over the past decades. This risk might be exacerbated by future
climatic changes.
Despite the limitations inherent to modeling future conditions,
our study results suggest that modeling the ecological niche with
GARP is a useful approach to identify regions where climate
change adaptation strategies for tick-borne diseases should target
and address the current gap between models and strategies.
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Abstract: Climate change puts pressure on existing health vulnerabilities through higher 
frequency of extreme weather events, changes in disease vector distribution or exacerbated 
air pollution. Climate change adaptation policies may hold potential to reduce societal 
inequities. We assessed the role of public health and social justice in European climate 
change adaptation using a three-fold approach: a document analysis, a critical discourse 
analysis of a subgroup of strategies, and a ranking of strategies against our social justice 
framework. The ranking approach favored planning that includes various adaptation types, 
social issues and infrastructure changes. Themes on values identified in the five subgroup 
documents showed that risks are perceived as contradictory, technology is viewed as 
savior, responsibilities need to be negotiated, and social justice is advocated by only a few 
countries. Of 21 strategy documents assessed overall, those from Austria, England and 
Sweden received the highest scores in the ranking. Our qualitative assessment showed that 
in European adaptation planning, progress could still be made through community 
involvement into adaptation decisions, consistent consideration of social and demographic 
determinants, and a stronger link between infrastructural adaptation and the health sector. 
Overall, a social justice framework can serve as an evaluation guideline for adaptation 
policy documents. 
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1. Introduction 
1.1. Climate Change May Put Health at Risk 
Climate change is a reality and may put human health at risk [1–3]. Projected climate change 
impacts include an increased frequency and intensity of heat waves and other extreme weather events, 
changes in disease vector and pollen distribution, or exacerbated air pollution [1,4,5]. Adverse health 
effects of climate change may include injuries and death following storms or floods, heat stroke and 
cardio-respiratory disease aggravation during extreme temperature events, an increased risk of 
infections and allergies, and higher skin cancer risks from increased UV exposure [1,5,6]. 
Governments in Europe thus face the need to prepare for these challenges, as has been supported by 
the Parma Declaration on Environment and Health in 2010 [7–9]. The term climate change adaptation 
describes measures undertaken to adjust to effects of climate, seeking to reduce harm and seize 
beneficial opportunities [10]. 
Adaptation has been described as a decision-making process that relies on effective governance [11]. 
In line with this definition, adaptation can be viewed as a task for all sectors and is not limited to 
environmental protection. Among previously identified climate change adaptation approaches, the 
following have been mentioned as promising for health protection: (1) monitoring and research,  
(2) consideration of demographic and social determinants, (3) community involvement, (4) early 
warning systems and emergency plans, (5) cross-sectoral efforts, and 6) infrastructural changes [12–16]. 
An integrated approach consisting of several of these measures has been described as more likely to 
protect health, regardless of the type of climate change impact [17,18]. 
1.2. Why a Social Justice Framework for Assessing European Climate Change Adaptation Strategies? 
We assessed a sample of European climate change adaptation strategies with a framework informed 
by social justice concerns. Climate policy is subject to negotiations among priorities, perception and 
normative thinking [19]. Human health is but one of the concerns of climate-related policymaking. 
Yet, from a public health point of view, it seems odd that environmental protection should occur 
without explicit links to health, as the environment strongly influences health itself [20,21]. In addition, 
public health research has long been aware of the influence social environments have on human health 
[22]. 
Climate change affects human health not only directly but also indirectly through putting pressure 
on existing inequities and social determinants. Climatic changes have been linked to increased gender 
inequity [23,24], social disruption and forced cultural “re-inventions” [25]. Human health is doubly 
affected by climate change, once through direct effects on climate-related injuries and illness, and a 
second time through changes to socio-economic and cultural determinants of health [26,27]. The term 
“double exposure” [26] additionally implies that some population groups are twice burdened under a 
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changing climate: first from existing inequities, and additionally through new risks imposed. Viewed 
through this lens, climate change adaptation becomes a tool with which not only the outcomes of 
climatic changes can be targeted, but which may assist in addressing social determinants of ill health. 
As such, climate adaptation may contribute to advancing social justice. Social justice matters because 
it lies at the heart of public health as a discipline [28], and can contribute to health protection [22].  
Social and natural environment are difficult to separate: the complex interaction of factors 
contributing to health have led to the concept of “ecological public health” [29]. As social and cultural 
dimensions influence susceptibility to climate change related health effects [25,30–32], increased 
vulnerability to environmental risks as a consequence of climatic changes has been framed as an 
environmental health and justice issue [33–36]. 
An assessment of European climate change adaptation can profit from contrasting strategies against 
a social justice framework that is based on the understanding that: 
- Unequally distributed social determinants of health create a situation of inequity among 
European populations [22]; 
- Climate change will exacerbate existing health risks [5]; 
- Adaptation aims to prevent negative impacts of climate change [37], and 
- Adaptation measures can support health equity through targeting these social determinants  
of health. 
As the official European climate change adaptation strategy also explicitly calls for the integration 
of social factors into adaptation activities [38], we consider a social justice framework an appropriate 
and useful concept to assess current European adaptation efforts. 
2. Methods 
The aim of our study was to assess the health protection potential of selected European climate 
change adaptation strategies from a critical policy appraisal perspective. Our approach was three-fold: 
a document analysis on recognized impacts and supported adaptation types of all 21 included strategy 
papers, a critical discourse analysis identifying themes on value statements of a subgroup of six 
strategies selected for their inclusion of social justice concerns during a keyword search selection 
process, and finally a ranking exercise of strategies within a health-focused social justice framework. 
2.1. Document Analysis 
A narrative review and document analysis of 21 European national adaptation strategies from 19 
countries was conducted. We reviewed national adaptation strategies as specified on the European 
Environmental Agency (EEA) and European Commission (EC) joint website CLIMATE-ADAPT [39], 
complemented by an online search. The climate-adapt database is a useful source, because the 
European Environmental Agency aims at providing a comprehensive overview over all member states’ 
strategy approaches and has been included in the European Climate Change Adaptation Strategy [38]. 
To inquire about draft strategies published in English, we contacted countries with an adaptation 
strategy under development. The website CLIMATE-ADAPT lists 18 of 32 European countries with 
an adopted national adaptation strategy as of August 2014 [39]. These countries are Austria [40], 
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Belgium [41], Denmark [42], Finland [43], France [44], Germany [45], Hungary [46], Ireland [47], 
Lithuania [48], the Netherlands [49], Portugal, Spain [50], Sweden [51], Switzerland [52], Turkey [53], 
and the United Kingdom [54–56]. Within the United Kingdom, Wales [54], Scotland [55] and  
England [56] provided individual strategies. The online search retrieved the Czech Republic’s national 
adaptation strategy [57] and a Norwegian report [58] on climate change adaptation. Slovakia only 
provided a background document via personal communication as the official strategy is still being 
developed. The Bank of Greece provided a general report on impacts and adaptation measures [59]. 
Eight country strategy documents had to be excluded from analysis: Slovenia’s strategy document 
covers only the forest and agriculture sector. Estonia, Latvia and Italy are currently developing 
national strategies. Romania, Poland, Bulgaria and Portugal did not provide an English-language 
version of their strategies and had to be excluded from analysis. Figure 1 shows a map of the countries 
included in our assessment [60]. 
Figure 1. Map of European countries included in the study. 
 
Notes: Documents from 19 countries (three from the UK) were included in this study. These countries are 
marked in dark color. © Eurogeographics [60] for the administrative boundaries. 
The search term human health was entered into each adaptation strategy document to assess 
whether or not adaptation takes place specifically in the health sector. With the aim of covering 
specific vulnerabilities related to age, migration, socio-economic disadvantages and gender [5,22], the 
following keywords were used in a second search within documents: social, socio* (* = allowing for 
all possible endings of the word), justice, fair, disadvantage, elder*, migra* (for migration, migrant, 
migrate), demograph*, divers* (except biodiversity), and gender. Sampling of strategy documents was 
driven by two considerations: First, we were interested in the framing of social determinants of climate 
change vulnerability in the official national document. Thus we excluded all documents that did not 
touch upon these issues. Second, we included only strategies in the subsample that contained the 
keywords fairness or justice. 
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We are aware that an absence carries meanings of its own. However, for the purposes of this 
research project, these absences of social justice consideration in strategies led to a lower ranking of 
the strategy and were not analyzed further. Six strategy documents from Austria, England, Finland, 
Greece, Sweden and Wales were included in our subgroup. The strategy texts were closely read and 
coded for themes stating values in MaxQDA software using a critical discourse analysis (CDA) 
approach influenced by van Dijk [61] and Fairclough and Fairclough [62]. 
2.2. Ranking of Country Strategies against the Social Justice Framework 
Our ranking approach is based on adherence to the social justice framework with additional 
preference for infrastructural adaptation [63]. 
Bittner et al. [64] proposed a formula for ranking European heat warning systems. They assigned a 
value between 0 and 2 for stage of development of sub-parts of a heat warning system and added 25% 
to this partial score in cases where evaluation of the system took place. We propose an altered ranking 
method that takes into account: 
- The high relevance of changes in social determinants of health under climate change [65], and 
- The potential for successful health protection expected from structural adaptation [5]. 
Thus we argue for a higher weighting of those strategy documents that fare best when situated 
within the social justice framework. We assigned one point for each type of adaptation included in a 
national strategy. This is based on comprehensiveness of strategic approaches as our preferred concept 
for national adaptation efforts [66]. Subsequently, we added percentages to the partial scores as a 
weighting mechanism: 25% of the partial score for those documents explicitly addressing social justice 
and fairness (keyword search), 20% of the partial score to those documents addressing migration and 
demographic changes, two major drivers of structural health inequities [67,68], and 15% of the partial 
score to those including structural adaptation.  
2.3. Critical Discourse Analysis Methodology 
The goal of this discourse analysis was to analyze themes surrounding social issues and climate 
change adaptation that emerged from the texts. What is discourse analysis? It “involves the use of 
language data as evidence of social phenomena, theorizing language as communication, practice or 
selective constructions derived from accrued social meanings” ([69], p. 27). The textual data used for 
this analysis was selected from the pool of all 21 national adaptation strategies in this project as 
specified above. We first identified six strategy documents that discussed justice and social or cultural 
aspects of climate change and adaptation through a keyword search. Only documents containing the 
keywords justice or fairness and additionally migration or demographic changes were included in the 
subsample. In a second step, topics and value themes in these documents were analyzed following 
methods proposed by van Dijk [61] and Fairclough and Fairclough [62]. These methods are: close 
reading of the text, identification of topics and identification of themes related to values through an 
iterative process of coding, and memoing about these codes. 
Fairclough and Fairclough [62] are interested in the power relations that drive the production of 
texts, using CDA to make conflicts and inequities visible [70]. Wodak and van Dijk stress the 
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importance of context for analysis purposes [61,70]. Context exceeds the text itself and extends into 
socio-political realms [70]. This understanding makes van Dijk’s framework valuable for climate 
change studies: it has repeatedly been argued that the social context influences vulnerability, resilience 
and susceptibility to adverse effects of climatic changes [25,71]. Both approaches openly admit to 
having a political agenda, namely that of exposing mechanisms of social structures and identifying 
injustices [70]. 
Critical discourse theorists argue that knowledge can have different versions, some of which are 
accepted as truths and can be used to advance certain groups over others [69]. According to van Dijk [72], 
acceptance relies on access to dissemination of knowledge, for instance to media outlets. Official 
national documents may be perceived as prestigious and result in or prescribe specific actions, thus 
shaping the future of adaptation in each country. Consequently, exclusion or inclusion of social issues 
conveys an important message. 
“Meanings are constituted through what is done” ([69], p. 10), therefore these documents show 
meanings attributed to health and social issues in national climate change adaptation strategies through 
what they suggest is done (as adaptation), and through the language and terms they are using.  
Following Van Dijk’s approach [61], we searched for topics within texts to identify what a section 
of text represents, so that the principles behind the strategy documents could be elicited. In a second 
step, we identified themes revolving around values. Values play an important role in Fairclough and 
Fairclough’s practical reasoning framework [62]. Fairclough and Fairclough describe “practical 
reasoning [as] reasoning concerning what to do ” ([62], p. 35) (emphasis by the authors of this article).  
As this study aimed to assess climate change adaptation regarding its inclusion of and potential for 
health protection, the actions outlined in the strategy documents are of high interest. Processes of 
negotiation in climate change contexts have been discussed elsewhere [73,74] and are not part of this 
research project. 
3. Results and Discussion 
The document analysis revealed that all strategy documents include comments on health risks of 
climate change. Human health is a factor in the description of climate change impacts, adaptation 
options, or both. 
3.1. Impacts of Climate Change on Health 
Heat and extreme weather events play the largest role in European adaptation strategies, followed 
by infectious diseases (Figure 2). All 21 documents include heat, and 90% of documents discuss 
extreme weather events. Vector-, food- or water-borne infections are mentioned in 86% of the 
documents. Additional climate change impacts on health discussed are changes in aeroallergen 
distribution and exacerbation of air pollution (57% each), increase in UV radiation exposure (29%), 
mold development in houses (24%), food security (14%), and mental health issues (10%). Population 
displacement as results of climatic changes is only discussed in the Irish strategy. 
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Figure 2. Impacts of climate change on health discussed in strategy documents ranked by 
frequency of inclusion in strategy documents (more than one impact was mentioned in 
each document). Heat and extreme weather events were mentioned separately in the texts, 
as were vectors and other infections. Infections refer to food- and water-borne infections. 
 
3.2. Adaptation Measures in European Strategy Documents 
We categorized adaptation into four major types, based on a typology proposed by Balbus et al. [75]: 
- Data and surveillance 
- Technological adaptation, including emergency plans and warning systems 
- Behavioral adaptation and awareness raising 
- Infrastructural adaptation 
When categorized according to type of adaptation, the most frequently cited adaptation type is 
awareness raising and education programs (18 documents), with technological adaptation and 
data/surveillance categories in 16 documents  each (Figure 3). Infrastructural and engineering 
adaptation comes in last with 14 documents. Germany, Denmark, Hungary, and Turkey advocate 
vaccine development for emerging infectious diseases. Lithuania plans to strengthen health sector 
financing, and the Czech Republic stresses changes in European and national legislation as an 
additional strategy. 
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Figure 3. Types of adaptation proposed by strategy documents ranked by most frequent 
inclusion in strategy documents (more than one adaptation type was mentioned in  
each document). 
 
Adaptation to health impacts is proposed by all 21 strategy documents. Specificity and 
comprehensiveness of the proposed adaptation measures vary between the strategies. Slovakia, for 
instance, focusses on raising awareness among medical personnel and on implementation of a warning 
system. Turkey, on the other hand, includes all four types of adaptation in its planning. Of interest are 
innovative, structural adaptation measures proposed by strategies, such as building publicly accessible 
water fountains in Austria, adding air conditioning to hospitals in Sweden, or strengthening the 
National Health Service in England. Mainstreaming climate change adaptation into all policies is 
suggested by Austria. 
Impacts such as food security, linked to climate impacts on global agriculture, mold development in 
private housing, UV radiation exposure, exacerbated air pollution, and mental health impairments after 
extreme events are mostly excluded from the adaptation descriptions. England suggests public UV 
monitoring. It is unclear whether this results from prioritization of other health impacts or from 
difficulties creating an adaptation measure for these risks. These risks in particular require trans-sectoral 
and societal approaches. 
Not all country strategy documents view climate change as a threat: Norway and the Czech 
Republic position themselves as well-prepared for climate change. Despite a common awareness of 
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climate change impacts and associated health risks, European adaptation programs differ in their 
assessment of potential consequences of these impacts. 
The results of our document analysis show that adaptation measures for highly ranked risks such as 
extreme weather events, extreme temperatures and infectious diseases are persistently recommended in 
European national strategies. Beyond these common aims, however, varied levels of comprehensiveness 
occur between countries. These variations include both additional impacts recognized and adaptation 
measures proposed. A second variation can be found in the documents’ treatment of social issues, as 
discussed in the following paragraphs. 
3.3. Ranking of Country Documents 
Table 1 shows the ranking of the examined European national strategies against the social justice 
framework. The baseline partial score was calculated from number of adaptation types included; the 
more different types, the more comprehensive we judged the strategy to be. To this partial score we 
added weighting for social justice. Owing to this approach, Wales, with fewer adaptation types, did not 
rank in the upper two thirds despite its commitment to promoting fairness and equity. 
Country strategies with the highest score are Austria, England and Sweden. These documents not 
only recommended all four types of adaptation measures but were additionally committed to 
promoting social justice, taking into account social determinants, and gained extra points for the 
inclusion of infrastructural adaptation. Six country documents rank in second place. In this ranking, we 
find Denmark, Lithuania and Scotland with a score below 2.5, followed by Ireland and the Netherlands. 
3.4. Discourse Analysis of Subgroup Articles 
Results of the CDA are represented as four value themes: (a) the cautionary principle in light of 
uncertainties, (b) responsibility, (c) technology as savior and (d) social justice and gender equity. 
3.4.1. The Cautionary Principle in Light of Uncertainties 
Uncertainties are inherent to climate projections and lie at the heart of climate adaptation projects. 
Certain risks to human health have been described as generally applicable (such as extreme 
temperature, extreme weather events, and vector distribution changes, see also introduction of this 
article). Yet this universality of risks is handled differently among the examined countries. Heat to 
Finland [43] is both a risk and not a risk: a contradiction. Compare the following statements as an example: 
“Excess mortality is signi?cantly higher in extremely cold temperatures than during periods of 
intense heat, and extremely cold temperatures are estimated to become less common,” ([43], p. 157) 
and: 
“[…][H]ealth impacts due to hot weather can be expected at lower temperatures in Finland 
compared to Central Europe” ([43], p. 157). 
Here we observe an ambiguity in confronting an increase in extreme heat events. 
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Table 1. Ranking results. 
Country 
Type of Adaptation 
Partial Score 
Social Justice 
Social Issues Migration and 
Demographic Change  
Structural Adaptation 
Total Score 
Data/Surveillance Technological Behavioral Structural Add 25% Add 20% Add 15% 
Austria  1 1 1 1  4 1 0.8 0.6 6.4 
UK: England 1 1 1 1 4 1 0.8 0.6 6.4 
Sweden  1 1 1 1 4 1 0.8 0.6 6.4 
Belgium 1 1 1 1 4 0 0.8 0.6 5.4 
Czech Republic 1 1 1 1 4 0 0.8 0.6 5.4 
France  1 1 1 1 4 0 0.8 0.6 5.4 
Germany 1 1 1 1 4 0 0.8 0.6 5.4 
Norway  1 1 1 1 4 0 0.8 0.6 5.4 
Turkey 1 1 1 1 4 0 0.8 0.6 5.4 
Finland 1 1 0 1 3 0.75 0.6 0.45 4.8 
Greece 1 1 0 1 3 0.75 0.6 0.45 4.8 
Hungary 0 1 1 1 3 0 0.6 0.45 4.05 
Switzerland 1 0 1 1 3 0 0.6 0.45 4.05 
Slovakia 0 1 1 1 3 0 0 0.45 3.45 
Spain 1 1 1 0 3 0 0 0 3 
UK: Wales 0 1 1 0 2 0.5 0.4 0 2.9 
Denmark 1 0 1 0 2 0 0.4 0 2.4 
Lithuania 1 0 1 0 2 0 0.4 0 2.4 
UK:Scotland 1 0 1 0 2 0 0.4 0 2.4 
Ireland  0 1 1 0 2 0 0 0 2 
Netherlands 0 0 0 0 0 0 0 0 0 
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A similar debate occurs regarding vector-borne diseases: On the one hand: 
“the climate has not been decisive for the occurrence of these communicable diseases or the 
emergence of a pathogen cycle,” ([43], pp. 158–159), 
yet at the same time the Finish strategy suggest that ticks or bank voles may find more favorable 
conditions as a result of climate change ([43], p. 160). 
These findings suggest that that careful consideration is of high value in Finland, with the goal of 
targeting the right risks. Overall, the contradictory nature of temperature-related risks does not deter 
Finland from acting: we would call this an adherence to the precautionary principle. This is illustrated 
in the following statement on reviews as part of an adaptation strategy: 
“[these are] the foundation for evaluating any no-regrets measures whose implementation would 
benefit the sector or target groups regardless of climate change” ([43], p. 11). 
Benefits regardless of climate change as the ultimate justification for adaptation fits well into a 
precautionary framework. 
This theme has also been picked up by Sweden [51]: 
“The warmer climate will affect health and lead to more deaths due to heat waves and increased 
spread of infection” ([51], p. 11), 
later followed by: 
“Few cold snaps produce positive health effects” ([51], p. 430). 
Acknowledging uncertainties leads to precautious activities in climate change adaptation. Policy 
acts in the face of scientific uncertainties, a theme that may be useful for social justice action among 
the lines of “better safe than sorry”. 
3.4.2. Who is Responsible for Adaptation? 
A second theme prominent in the examined documents is global responsibility. European countries 
highlight contrasts between their positions and those of countries of the Global South, and formulate 
consequences of that positioning. For instance, Sweden [51] argues from a legal standpoint: 
“According to article 4.4 of the Climate Convention (UNFCCC), the industrialised countries 
(Annex I countries) should support the developing countries that are most vulnerable to climate 
change” ([51], p. 456).  
Wales [54] takes this theme further and acknowledges that as an industrialized country in the  
Global North: 
“we are responsible for a much larger proportion of global emissions because of the goods and 
services we consume but which are made elsewhere” ([54], p. 15). 
As a consequence, Wales proposes that: 
“Sharing experience and learning on this challenging agenda is vital and we are committed, 
through our Wales for Africa programme, to working with communities in other parts of the world in 
responding to climate change” ([54], p. 19). 
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England [56] similarly states that: 
“the government continues to support programmes helping the poorest and most vulnerable people 
in climate change ‘hot-spots’, as well as identifying and refining tools which are cost-effective and 
sustainable” ([56], p. 11). 
Such commitment to “help” could also be interpreted as “othering” Africa and possibly additional 
countries in the Global South [76]. By creating a dichotomy of rich versus poor, technologically 
advanced versus helpless in the face of climate change, these European strategy documents may 
cement inequities rather than promote social justice. This interpretation is supported by a common 
perception that immigration is a result of climatic changes. The Austrian strategy states that: 
“studies on development mechanisms of migratory movements to Austria and Europe should be 
initiated to reduce or deal with possible migration”(translated from German by the authors)” ([40], p. 91). 
Greece [59] “has already received large numbers of immigrants, and these numbers will increase 
significantly in future as the flow of environmental refugees increases” ([59], p. 463), 
and Sweden [51] concurs: 
“Sweden will also experience an increased number of cases of infectious diseases where the 
infection is contracted overseas due to increased global infection pressure” ([51], p. 443). 
Immigration to European countries is discussed in the strategies and represents awareness about 
global migratory patterns. 
The link between poverty and effects of climate change is generally acknowledged, leading to the 
above mentioned referral to Europe’s responsibility to mitigate climate change and support lower 
income countries. Incorporating environmental agreements into aid and development is Europe’s 
answer to these global inequities. Again, this approach has its shortcomings: within the UNFCCC 
negotiation processes, the least developed countries need to combine mitigation efforts and related 
expenses with national development goals [77]. Future research could examine this issue further and 
assess the implications between causing environmental harm first and subsequentlyoffering the “gift” 
of support to those being harmed in the process [78]. 
3.4.3. Technology as Savior 
Within the Welsh, English and Finnish strategy documents, technological adaptation is highlighted 
as the best solution, particularly for flood risks or in the shape of heat warning systems. As a value 
statement, inherent to technological solutions to climate change is solvency, i.e., being in a financially 
secure situation. 
Finland [43] stresses that: 
“development of solvency is crucial to human health”, and “[t]he industrial-technical culture […] 
is capable of protecting human beings in various ways” ([43], p. 231). 
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England [56] agrees: 
“Development and economic progress will, in many cases, be the most effective way of helping 
countries to adapt, as well as helping to create stability” ([56], p. 11), 
and proposes the development of new technology. Wales [54] is particularly ambitious in linking 
technology and climate change: 
“Ensuring that our approach to R&D, technology, innovation and skills help Wales gain maximum 
benefit from climate change related business and research” ([54], p. 6). 
A technocratic solution also links back to the previous theme of responsibility and “othering”: while 
European countries are in the position to afford high-tech alternatives, the majority of countries might 
not be. A consequence could be a commitment to giving these technologies to the Global South, the 
implications of which have been discussed above. Beyond adaptation, technology plays an important 
role for mitigation with its promise of energy efficiency and “a new green deal [56].” In England and 
Wales, technology in adaptation is thus portrayed as promising economic opportunity, not only as a 
means to an end. The examined strategies value solvency, technological advancement and co-benefits 
of adaptation. The Greek document in particular points out financial gains as motivation for adaptation. 
3.4.4. Social Justice and Gender Equity 
The theme of social justice is intricately linked to antidiscrimination, gender equity, fairness, and 
protecting cultural diversity. Austria and Wales specifically mention justice as a value and a goal. 
Related to the issue of global responsibility, but equally applicable to the national context,  
Wales [54] acknowledges: 
“Climate change is a social justice issue. Globally, and here in Wales, we can expect its impacts to 
disproportionately affect those least able to manage them and who are, at the same time, least 
responsible for causing the problem” ([54], p. 16). 
A clearly stated goal of the Welsh strategy is to: 
“[…] ensure that our policies to tackle climate change also promote social justice” ([54], p. 16). 
Similarly, Austria [40] writes that policy development should weigh benefits and harms: 
“stratified by different population groups and gender” (translated from German by the  
authors) ([40], p. 44). 
Regarding gender equity, the Austrian document proposes a commitment to enabling women to 
participate in adaptation processes: 
“It is important that even within climate change adaptation measures women receive equal 
opportunities to participate, create and decide in societal processes”(translated from German by the 
authors) ([40], p. 45). 
However, neither strategy gives recommendations on specific actions to achieve social justice. 
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4. Discussion 
4.1. Europe is Aware of Climate Change Health Impacts 
In general, protecting human health is one goal of European climate change adaptation strategies. 
The impact assessments are in line with research results on projected impacts of climate change [1]. 
This is not surprising given that the strategy documents regularly refer to published research. 
Our results confirm those of previous studies on human health as a vulnerable sector in national 
European adaptation strategies [66,79]. However, the link between health protection and climate 
change adaptation in other sectors is not always explicit. For instance, the Netherlands plans for flood 
risks, yet their strategy does not discuss health implications of structural adaptation. 
Heat warning systems have recently been the subject of increased research activity [16,64], yet the 
national documents rarely described heat warning systems as specific projects. A possible explanation 
for this discrepancy may lie in national versus regional climate change adaptation approaches.  
A second reason might be the distribution of responsibilities between departments. And finally, heat 
warning systems are concrete outputs of adaptation projects, whereas national strategy documents 
serve the purpose of outlining a country’s overall approach to adaptation, specifying concrete actions 
in add-on documents. This has been done in Austria, Germany and France, for example, where action 
plans support the national strategies. 
4.2. Social Determinants of Health Play a Role in European Climate Change Adaptation 
Consideration of social and demographic determinants has been identified as an important aspect of 
climate adaptation [80]. In the examined adaptation strategies, social and socio-economic factors were 
considered in scenario design or impact analysis. Austria, Wales, England and Turkey acknowledged 
gender as a category that might contribute to (further) inequities. As we have seen in the discourse 
analysis, responsibility as a theme illustrates awareness of the interconnectedness of European 
countries with countries in the Global South. The role of social determinants of health is thus not 
limited to the local but extends beyond European borders. This may influence decision-making 
processes. It would be interesting to contrast these environmental strategies with official development 
aid documents and practices to see if values and goals are aligned between sectors. This might also 
shed light on whether solvency, a highly rated goal in England and Greece, extends to increasing 
solvency in the Global South. We also find it of interest that the precautionary principle plays such a 
large role in the discussion about climate change adaptation measures and human protection. 
Six European adaptation strategies explicitly address climate change as a social justice issue, and 17 
documents show awareness of migration and demographic changes as risk factors of climate change 
(Table 1). These results might be interpreted as promising; whether actual measures to reduce 
structural inequities will be taken remains to be seen. The large number of documents including 
proposals for structural adaptation might bear potential for health protection, as structural disease 
prevention programs have also been described as effective in environmental health [81]. Our novel 
ranking approach allowed us to combine assessments of justice and health protection potentials. 
However, any ranking has an inherent bias towards certain variables: the Czech Republic fared well in 
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the ranking, yet the entire strategy only discusses health in one paragraph. Any ranking results should 
therefore not replace an in-depth analysis of policy documents before drawing conclusions. 
4.3. Weaknesses of European Strategies Persist 
Our results show a gap between current knowledge on good practice adaptation for health and 
specific actions in health policy, confirming previous research [8,66,82]. Not all good practice advice 
from research has been incorporated into European adaptation design. There seems to be potential for 
improvement in linking health and infrastructure or planning, especially for the climate risks of 
flooding and extreme heat as these are highly relevant for urban design and for the health sector. Very 
little consideration has been given to community involvement. Most national strategies examined here 
do not yet adequately design approaches for the inclusion of communities or adaptation target 
populations. Wales is a positive exception, focusing on local adaptation efforts. Overall, further 
research into appropriate forms of participatory adaptation in Europe seems warranted. Such research 
designs could draw from results of community-based adaptation projects in developing countries [71,83]. 
A large number of European strategies are not yet accompanied by action plans, indicating further 
potential for an improved adaptive response. Systematic considerations of uncertainties associated with 
climate change adaptation, from climate models to national socio-economic development, are still 
missing [66]. Uncertainties play a prominent role in climate change discourses: from estimating 
impacts [84] to evaluating policy [85], what we cannot know about the future shapes current responses 
to climate change. Living with these uncertainties might require policymakers to rethink standard 
approaches to evidence-based policy. 
Within the policy documents, possible co-harms and co-benefits to health of proposed adaptation 
strategies are rarely explored. Previous research has suggested that any adaptation measure could lead 
to unwanted negative effects on health, such as changing walking behavior through urban planning 
adjustments [86]. Both negative and positive effects of strategic measures could also be modelled, as 
has been done for mitigation strategies [87]. 
4.4. What Is Next for European Adaptation Strategies? 
Within the climate and health research community, new concepts have been proposed. “Planetary 
health” [88] stresses the links between global environments and human health. If we assume such a 
large scale interdependency, strategies that only propose isolated individual adaptation measures might 
not be sufficient. As stated before, evidence for the effectiveness of specific measures is still missing, 
despite hints at potential effects of adaptation [89,90]. Instead, viewing adaptation policy as a larger, 
transformational effort has been suggested [91]. Karen O’Brien distinguishes between unintended and 
deliberate transformation, and defines it as “[…] physical and/or qualitative changes in form, structure 
or meaning-making that can also include a psycho-social process” [91]. Applied to European 
adaptation strategies, transformation could mean trans-sectoral approaches, long-term visions, 
innovative solutions, and designing policies aimed at structural changes. We have seen that the 
examined strategies propose technological innovations, “green deals” and even “cultural re-inventions,” 
to borrow the term from Adger et al. [25]. Some ideas of transformational designs are already included 
in Europe’s strategies, yet the term itself is not used. 
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4.5. Limitations 
This study has several limitations. Only national strategies and draft national documents were 
included in the analysis. Individual cities or regions might have different strategies in place. Local 
adaptation is likely more capable of taking regional differences and needs into account [92]. However, 
national legislation plays an important role in encouraging and enabling regional agencies to pursue 
adaptation [92]. Several European countries are currently developing strategies not yet included in  
this study. Climate change adaptation is a work in progress, and keeping track of updated documents  
is challenging.  
Documents without an English or German translation had to be excluded. Six of nine strategy 
documents excluded are from Central and Eastern European countries. Their national adaptation 
strategies might stress different approaches for health protection not covered here. 
Using a social justice framework of course implies our normative approach to climate change 
adaptation. Our ranking method and selection of themes mirrors this normative understanding and may 
not necessarily reflect the aims of the policymakers who developed the strategies. 
Recent studies have reviewed  European heat wave warning systems [16,64], finding a larger 
number of warning strategies in place than mentioned in official national strategy documents. The 
reason for this omission in official national documents is unclear. 
As we selected the strategies for the discourse analysis based on their discussion of social 
determinants, we are necessarily biased to detect reasons for an inclusion of said determinants rather 
than reasons for exclusion. Strategies without social determinants do not state reasons for the omission. 
We argue that the absence in itself carries a local meaning: it could be interpreted as perceived lack of 
relevance and/or political will to engage with these social aspects of climate change adaptation. 
Additionally, our assessment was necessarily based on the data sources we used. Other documents 
from the selected countries may lead to different conclusions. 
5. Conclusions 
A social justice framework can serve as an evaluation guideline for adaptation policy documents. 
We were able to show that the links between social determinants of health and a potential exacerbation 
of inequities under climatic changes are partially acknowledged in European countries. 
Drawing from previous research into evaluation of adaptation, we have developed a theory-driven 
method to portray most promising strategy documents for health protection through foregrounding 
social justice, social determinants of health, and structural adaptation measures. Our results can 
contribute to strengthening the focus on human health and reduction of injustices in adaptation efforts. 
In this article we have repeatedly pointed out the necessity to ground any adaptation actions for 
health protection in a socially responsible framework. 
Our results suggest that European adaptation strategies are aware of climate risks, including adverse 
effects on health. A large number of European countries have made strides in preparing for climate 
change and combine two or more adaptation types to address these risks. This study complements a 
recent WHO survey on health action and climate change in Europe [8] by adding a social justice 
dimension and qualitative assessment. In European countries, progress could still be made through 
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community involvement into adaptation decisions, and consistent inclusion of social and demographic 
determinants. A stronger link between infrastructural adaptation and the health sector could be considered. 
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Abstract 
Background: Extreme temperature events and global climatic changes may put human 
health at risk. Urban centers are particularly vulnerable to adverse effects of climate 
change. Japan is a densely populated and highly urbanized island frequently exposed to 
natural hazards. To protect human health under a changing climate, governments and 
practitioners across the globe are designing adaptation strategies. Are these strategies 
implemented at the local level? How do policymakers and researchers perceive heat and 
climate change adaptation measures? How are these strategies evaluated? In short: 
what is happening in Japan “on the ground”?  
 
Methods: This exploratory qualitative study on the state of adaptation in urban Japan 
used semi-structured expert interviews and situational analysis to assess local realities 
and perceptions among eight government and research agencies employees in three 
prefectures. All interviews were transcribed and translated by native speakers and 
openly coded. The generated themes-based material was further analyzed through 
situational analysis social world and positional mapping.  
 
Results: Results suggest that heat adaptation is widely implemented at the local level in 
Japan. These measures are not always conceptualized as climate change adaptation, 
however, but rather as general health interventions or environmental measures. 
Funding and prioritization of adaptation is a challenge especially since the Great East 
Japan Earthquake and tsunami of 2011, and risk perception and assignment of 
responsibility for action are contested. Equally difficult is evaluation of adaptation, 
which is perceived as scientifically challenging. Of high importance in the Japanese 
adaptation case are community volunteers, whose roles vary from checking in on 
vulnerable persons to acting as citizen scientists.  
 
Conclusions: Heat adaptation is a regular feature of environmental and health policy in 
urban Japanese centers, yet these measures are not always evaluated. Creative 
solutions from the Japanese context include a strong reliance on civil society and 
community volunteer actors. These local responses to global climate change could be 
further tested for their applicability to other contexts and settings.  
 
 
Keywords: adaptation, heat, health policy, evaluation, qualitative research, situational 
analysis, exploratory study, climate change, global environmental change 
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Abstract  
Background 
Climate change affects human health, and some regions and populations are more at risk from 
adverse health effects of climate induced extreme events than others. Climate change 
adaptation aims to reduce these risks through infrastructural, behavioral, and technological 
measures. Attributing changes in human health to possible effects of climate change 
adaptation is however difficult. This “evaluation problem” in adaptation could mean that 
adaptation implementation has to rely on the precautionary principle and novel concepts of 
effectiveness.  
 
Discussion 
To assess climate change adaptation and its justice implications, this paper proposes a 
theoretical framework that incorporates climate justice as a proxy for effectiveness into 
adaptation evaluation. Drawing from previously established domains linked to health, the 
paths between adaptation and the seven domains are the target of evaluation in this 
framework: as a proxy for direct effects of climate change adaptation on health outcomes 
which are difficult to measure, effects of adaptation on the seven domains can be assessed. 
The underlying principle of the proposed framework is an adaptation strategy’s potential for 
climate justice that serves as proxy indicator for effectiveness in adaptation evaluation. Seven 
domains, including social, economic, infrastructure, institutional, community, environmental 
and cultural determinants of health, are all interconnected and potentially influenced by 
climatic changes. As these areas also contribute to health inequities, assessing whether 
adaptation reduces these inequities is linked to the social justice imperative of public health.  
 
 
 
Summary 
In this framework, adaptation is positioned between climate change and the seven domains, 
and acts as a mediator of climate change effects on the determinants of health. At the same 
time, societal developments within each of these fields influence adaptation scope, design and 
effects. Each domain can be operationalized by specific indicators tailored to the concrete 
situation or data availability. As such, the framework could be a useful template to both 
researchers and policymakers. The framework is not supposed to replace empirical analysis, 
but rather to inform it. Such a re-thinking of effectiveness might contribute to climate justice 
and health promotion in the current absence of gold standard evaluation of health-related 
adaptation. 
  
Keywords: climate change, effectiveness, social inequalities, environmental health, ethics, adaptation, 
framework, public health 
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Additionally on CD-ROM: 
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   [1] 
 
Expert interviews  
 
Preliminary remarks: 
The aim of this research project is to generate information on the status of adaptation to heat 
in Japan. I am also interested in how the effects of heat adaptation on human health can be 
measured.  
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????? 
In this interview, I would like to talk about what climate change adaptation projects the 
prefecture is implementing, what the process is like, and if any evaluation of the projects is 
planned. Specific information on your heat stroke prevention plans is especially interesting to 
me.  
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????? 
This interview with you plays an important part in my research.  
?????????????????????????? 
As an adaptation professional, you decide which adaptation measures will be implemented. I 
am interested in learning from you, how you choose what measures to conduct and how 
effective you think these measures can be in reducing health risks.  
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????? 
Your data and all information provided will remain confidential. That means I will anonymize 
quotes for publication and not use your name in my dissertation. You are voluntarily 
participating and may stop the interview at any point. If you feel uncomfortable with a 
question, you don’t have to answer it.  
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????? 
May I audio-record the interview? 
???????????????????????  
   [2] 
 
Questions part 1: 
??????????? 
1.1 Please tell me about the climate change adaptation projects in … 
1.1 ??????????????????????????????????? 
 
1.2 Please tell me about projects with a health component. 
1.2 ????????????? ?????????????????? 
 
1.3 Please tell me about the heat stroke prevention projects in … 
1.3 ??????????????????????????????? 
 
1.4 Why were these measures chosen in particular? Can you tell me a little about the 
process?  
1.4 ???????????????????????????????????????
???????? 
 
1.5 Can you tell me something about challenges and difficulties with the 
implementation process?  
1.5 ????????????????????????????????????? ??
???????? 
 
1.6 Please also tell me about any projects in … on urban planning, measures to    
increase parks in the city etc. 
1.6   ??????????????????????????????????????
????????????????????? 
 
 
 
1.7 Do you (or your section) collaborate with other sections for planning/implementing 
adaptation measures? 
   [3] 
 
1.7???????????????????????????????????????
?????????????????? 
 
1.8 Can you tell me details about this cooperation? 
1.8 ????????????????????????????? 
  
   [4] 
 
Questions part 2: 
Measuring and evaluating  
Let’s talk about how to measure heat stroke prevention and climate change adaptation: 
?????????????????????????????????????????? 
2.1 Has there been an evaluation of the measure? 
2.1 ????????????????????????? 
 
2.2 Can you tell me more about this evaluation? 
2.2 ?????????????????????? 
 
2.3 Which indicators were used in the evaluation?  
2.3??????????????????????? 
 
2.4 Can you tell me more about these indicators? 
2.4 ???????????????????? 
 
2.5 Were there any problems with the evaluation? For example, information that was 
needed but was not available?  
2.5 ???????????????????????????????????????
???????  
 
If there hasn’t been an evaluation yet: 
??????????????? 
 
2.6 Please tell me more about the future of your project: what are the next steps? 
2.6 ???????????????????????????????????????
?????????????????????????? 
 
2.7 Is there anything else you’d like to say on heat, adaptation or evaluation? 
2.7 ???????????????????????????????????????
???? 
   [5] 
 
Thank you very much for the discussion and your time. If you’d like, I can keep you updated 
on the state of my research project.  
?????????????????????????????????????????
??????????????????????????????????? 
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????????????????
?????????????????????????????
describes any challenge mentioned that is associated with why adaptation cannot or is not implemented
?????????????????????????????????????
describes adaptation being implemented that is not called adaptation
?????????????????????????????
describes where the both terms are conceptually not cleary distinguished from each other, where mitigation efforts are 
described as adaptation, for instance
???????????????????????????? ?????
allocation of funds and priorities within governments in Japan after the nuclear disaster
????????????????????
describes statements of risks perceived
??? ??????????????
describes risk factors to health that arise from climatic changes
???????????????????????????
describes any adverse health effects from extreme heat
??????????????????????????????????????????????????
???????????????????????????????????
describes the risk factor population density in heat
????????????????????????????????????
describes where air conditioning is not available or reduced as a risk factor
??????????????????????????????????
describes the built environment
??????????????????????????????
describes air pollution as climate risk for health
??????????????????
describes channels, efforts and institutions regarding communication between people or actors/actants on issues of 
climate change, adaptation and health
???????????????????????????????
preliminary code, describes specific relationship between policy and research institute
?????????????????????????????????????
describes creative measures undertaken in light of adaptation challenges
??????????????????????????????????????????
??????????????????????????????
describes actions that involve civil society, such as volunteers or NGOs
MAXQDA 20.03.2015
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???????????????
describes themes related to evaluation of adaptation: here, heat stroke specific
?????????????????????????????
describes challenges, difficulties and issues that arise when discussing how to measure adaptation effects
??????????????????
preliminary code on anything related to effects, proof of climate change or adaptation
????????????????????????
refers to the state adaptation is in, from planning to implemention, excluding evaluation
??????????
describes the scale of adaptation implementation including responsibilities assigned, of adaptation material reach 
???????????????????? ???????????
describes specific methodology for research on adaptation and evaluation of adaptation
??????????????????????
?????????????????????????????????????????????????????????????
describes an adaptation where older persons are targeted for specific actions
???????????????????????????????????
describes structural intervention projects such as greening, providing access to cool spaces, wind tunnels
???????????????????????????????????
describes any legislative measures intended as climate adaptation
?????????????????????????????????????????????????
describes adaptation measures targeting behavioral change through information and awareness raising
??????????????????????????
describes the persons deemed at risk from heat
???????????????????
describes who is responsible for an adaptation or evaluation action
???????????????????????????
describes preventing harm as reasoning for adaptation 
????????
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